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INTRODUCTION

The confused flour beetle , Tribol Ivan confusuis Duval , end the

red flour beetle, ?. castanaum Herbst, are well known Insect

pests of wheat flour and other cereal products in storage. Car-

ried Into flour mills with supplies of grain used in milling,

they are not killed by grain cleaning operations or by the milling

process so they become established throughout the milling units

of a flour mill. According to Cotton (1945), they have been found

to constitute more than 80 percent of the insect population of

flour mills in the southwest Milling Area. These Insects infest

a great variety of foods in addition to cereal products, and are

known to cause serious damage in grocery stores and warehouses.

The flour beetles are cosmopolitan and have been recorded in

practically every civilized country of the world. However, in

the TTnlted States, T. confusum is more abundant in the northern

part while T. castaneum is found mostly in the southern part of

the country, although it has been recorded as far north as Canada.

These beetles lay their eggs freely in flour and the larvae

hatching from them feed and complete their growth as free living

individuals. The developmental stages of Trlbollum are compar-

atively short, but the adult life is among the longest recorded

for the stored-product insects. In some oases, the adult life

may be over three years.

Much work has been done with these insects in relation to

flour but very little research has bsen done with the flour
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beetle© in relation to whole groin. In the past It was thought

that their mandibles were too weak to chew through the outer

coating of grain* However, it has recently been demonstrated

that the flour beetles can live and reproduce on whole kernel

wheat*

The experimental work designed for this thesis has a two-

fold purposet first, to obtain information regarding the extent

of damage to the wheat kernels by Trlbollum confusum and

!• caataneuBi l and second, to determine the extent of the ability

of these insects to develop and reproduce on whole kernel un-

checked wheat* For this reason a six months 1 study was made of

these insects infesting wheat of three different moisture con-

tents of approximately 10 percent. 18 percent and 14 percent

and a temperature of 80° P.

REVIEW OP LirSRATURB

The literature on the destruction of whole grain by beetles

of the gems Trlbollusi is limited. Until recently it had been

assumed that they lived either on the cracked kernels or on the

"grain dust" caused by the abrasion of grains in handling or in

the flour-like material resulting from the feeding of other in-

sects. Upon observing these conditions. Birch (1947) became

skeptical and conducted an experiment to test the point. Vials

containing ten grama of wheat were set up with one pair, five

pairs, and twenty pairs of adult Trlbollum confusum and £. cas-

taneuau The wheat was of madias hardness and only whole grains



5

were used* Counts of larvae, pupae and adults were made at six

week Intervale for six months* It was evident that both species

were able to live aad reproduce In whole grain wheat* After six

months, about .one-third of the whole grains had been destroyed.

Parkin (1944) stated that In different tests "broken grain" was

employed because T. confuaum was unable to feed on whole grain.

According to Cotton (1945) Insect pests of stored grain cannot

breed In grain that has a molature content of nine percent or

lower. Most of these Insects soon die In such grain. However,

adult "bran bugs" are able to survive for long periods of time in

dry wheat but little damage will be done since they are unable to

multiply and do not feed on whole grain, flood (1956) also ad-

vanced the idea that the genus Trlbollum cannot feed on whole

grain because their mandibles are not strong enough to chew

through the tough outer coating. Dean (1915) stated that while

Trlbollum confusum is primarily a flour pest. It also infests

corn meal, cracked wheat, dry starchy material, stored peanuts,

beans and even baking powder, ginger and cayenne pepper.

flood (1956) and flray (1943) pointed out some distinguishing

differences between the confused and the red flour beetle

t

Flight. The confused flour beetle seldom, if ever, flies

while the red species does so readily.

Tyea. The eyes of T. coafuaua are small and the space be-

tween them is about three times the diameter of the eye. Those

of !• caatanaua are large and separated by a space about equal

to the eye diameter.



Antennae. The tegmenta of the antennae of the confused flour

beetle increase in sise gradually from the base to the tip, where-

as in the red flour beetle the last few segments of the antennae

are abruptly much larger than the preceding ones, giving the an-

tennae the appearance of being suddenly enlarged at the tip.

In rearing insects of ths genus Tribolium Park (1934)

stated that he preferred a non-bleached, white patent flour but

most of the Tribolium workers seem to have favored whole wheat

flour* Sun (1947) found common wheat flour to be the best culture

medium. Cornstarch, whole wheat flour, enriched flour and tank-

age were also tried but patent flour was found to be best, Cray

(1943) stated that whole wheat flour, whole wheat middlings,

whole wheat meal and long extraction flours were all good media.

He found, however, it was much better if the media were coarsely

milled. The average time of larval development was greater on

the finely ground material than the coarser particles. In a

comparison of the rates of development of the beetles in various

foods under uniform conditions, Chapman (1918) has shown that the

life oycle may be longer on some foods than on others. This dif-

ference in development was confined largely to the last larval

lnstar. Hickle and Stand ish (1946) found Tribolium confueum to

be a much less serious pest of soy flours and grits than of

cereal products,

Tloldaway (1932) observed that larval development of the

flour beetles was more rapid in higher humidities, the mean time

being 22,6 days at 75 percent relative humidity, 26,5 days at
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50 percent relative humidity and 50,1 day* at 25 percent relative

humidity. According to Good (1056) the average larval period, at

30 degrees Centigrade and 50 percent relative humidity, was about

thirty days, the egg stage five days and the pupal stage about

seven days. Chapman (1918) found there were at least six larval

Instars but also there may be as many as 12 due to external con-

ditions and different types of food. Good (1936) stated that the

flour beetles have a very long ovlposition period* The life of

the adult is more than one year* The ovlposition period for the

average female is about 280 deya. According to Leslie and Park

(1949), the most fertile period for a female Trlbollum castaneum

is from 6 to 60 days after emergence. After the adult has reached

the age of 60 days, her ability to produoe eggs begins to de-

crease.

MATERIALS AHD EQUIPMENT

Experimental Insects

jurco. The original stock from which the flour beetles

were reared came from the Bureau of Entomology and Plant Quar-

antine at Manhattan, Kansas.

Maintenance of ?tock Cultures . Stock cultures of adults of

Trlbollum confusum and T. oaetaneuro were reared in wide-mouthed

pint Jars with 40 mesh screen lids, Plate I. Each Jar contained

about 100 grams of culture medium. This material consisted of

approximately 40 percent white patent flour and 60 peroent wheat

middlings or shorts. About 250 adult beetles were placed in one





hi
P-,



8

Jar. The Insects wew allowed to remain in the Jar for a period

of seven days. This was sufficient time for them to depoeit a

large number of eggs. At the end of seven days they were sep-

arated from the medium by meant of a 20 mesh screen sieve. The

adults were then plaoed In a new Jar containing the same amount

of flour and shorts. The medium containing the eggs was put back

Into the original Jar and the culture left undisturbed until the

adults began to emerge. The reason for leaving the adults in the

rearing Jar for seven days was to get the maximum amount of re-

production and yet not give the adults lis* to consume a large

number of their eggs. The confused flour beetle reproduced In

much greater numbers than the red flour beetle In the culture

medium provided. The addition of about one gram of powdered

yeast to each Jar of medium greatly increased the reproduction

of T. castaneum .

These cultures were maintained in a rearing room under con-

trolled conditions. The temperature was held constant at 80° F.

( 3° F.) and the relative humidity at 75 percent ( + 5 percent).

The average time from egg to the emergence of the adult under

these conditions was from 38 to 43 days for T. confusum snd from

S4 to 42 days for T. castaneum .

Ml **** ?»* of Beetles . In previous research by Leslie and

Park (1949), it was found that the most fertile period for an

adult female Trlbolium castaneum was between the ages of 6 and 60

days. After the female has reached the age of 60 days her egg

laying ability begins to decrease. For this reason Insects



between the ages of 6 and 15 days wore used In this experiment.

No attempt eat made to separate the sexes of the beetles.

According to Oood (1936), of 800 T. confuaum reared on whole wheat

flour at 50© C, 62 percent were females and 48 percent were

males* Under conditions similar to these there would be approxi-

mately 50 peroent females which would Insure sufficient repro-

duction for this Investigation.

Wheat Used In T^perlment

' ource # The wheat used In this experiment was a mixture of

the three varieties Pawnee, Red Chief and Triumph. This grain

came from a collection of wheat taken from farm bins In Harvey

County , Kansas.

Moisture Content . The original moisture content of the wheat

ranged from 11,4 percent to 13.1 percent. To give a variation

it was decided to use wheat with approximately 10 percent, 12

percent and 14 percent moisture content. Adjustments were made

by placing small quantities of grain in the suitable humidifier

and bringing it to the desired moisture content.

Humidity Control Apparatus

The sulfuric acid method of maintaining a constant humidity

in small, closed containers was used in this work for the control

of the humidity. This principle was employed by Curtis (1915)

in his studies of hard rubber and other solid dielectrics. ?!o

claim of originality was made by Curtis. Stevens (1916) used the
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•ante method in rearing fungi on fruits at a certain humidity.

This method consists In keeping the cultures in an atmosphere

which is maintained at a constant humidity by exposure to an

aqueous solution of sulfuric acid of known specific gravity*

Other substances might be used to maintain a constant humidity

but sulfuric add is convenient to use and so slightly volatile

that is apparently did not affect the insects*

It was found most convenient to use 8" x 10" x 15" battery

jars as humidifiers, Plate II* The correct mixture of solution

was put In the Jar by pouring in the correct amount of water and

then slowly adding to it the correct amount of concentrated sul-

furic acid* Much care was shown In adding the acid to prevent

the cracking of the battery Jar* Two quart fruit Jars were then

placed on their sides in the bottom of the Jar to act as piers*

On these two jars rested a glass shelf 7 1/2" x 9* on which the

small culture jars and the moisture cheek jar were placed* The

lid of the huraldifier was a piece of window glaas 9" x 11" • The

top edge of the battery jar was greased with vaseline to prevent

the entrance or escape of air which would have ohenged the rela-

tive humidity within the Jar* The correct proportions at which

to mix the sulfuric acid and water to obtain a certain relative

humidity are shown in Table 1*



EXPLANATION OP PLATS II

Humidity control apparatus containing 12
sample jars and moisture check jar
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Table 1. Approximate relative humidities for dilute sulfuric
aeld at various specific gravities*

i t Approximate
oeciflc : Percent of t relative

gravity t sulfuric acid t humidity
of solution : in solution : percent

1,00 HgO 100
1.06 7.37 97.5
1.09 12.99 94.8
1.12 17.01 92.3
1.14 .61 89.9
1.18 24.76 84.0
1.20 27.32 80.5
1.23 31.11 74.6
1.25 33.43 70.4
1.27 35.71 65.5
1.29 38.03 60.7
1.30 B9»lfl 58.3
1.544 44.0 49.0
1.361 46.0 45.0
1.438 54.0 29.5
1.479 .0 21.5
1.624 62.0 15.5
1.569 66.0 10.5
1.639 72.0 6.0
1.710 78.0 3.0

trcei Curt}Ls (1915).

Oxley (1943) found the water content of grain, in mass or

large amounts, to bo 10,.7 percent to 13.4 peroent at 50 percent

relative humidity. However, with small amounts of main (10 to

200 grams) the water content is much less at 50 percent relative

humidity. The specific moisture content at which a oerteln rela-

tive humidity would hold 1 small samples of wheat was found in the

following manners Two battery jars were set up at approximately

49 percent and 76 percent relative humidity. Samples of 155 grama
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of wheat In pint Jars were placed In each humidifier. The mois-

ture content of this grain, when placed in the large containers,

was 11.7 percent. The moisture reading of these samples was taken

every two days. In about ten days the readings begin to level

off; that is, they begin to remain the same or very nearly so.

The grain in the humidifier of 49 percent relative humidity

leveled off at about 9 percent moisture content and the grain in

the humidifier of 75 percent relative humidity at 12.2 ( + 0.1 per-

cent) moisture content. Water was then added in small amounts to

the solution in the 49 percent Jar until the grain reached a

moisture content of 10.2 ( + 0.1 percent). In using this trial and

error method the following data were gathered:

Relative tiloisture content : Specific gravity
humidity : of grain : of acid solution

'£ I | t

60+2 10.2 + 0.1 1.29

75+2 12.2 + 0.1 1.25

90+2 14.2 + 0.1 1.14

Only a small amount of acid solution was required to maintain

a constant humidity within a battery Jar. Never was more than

850 milliliters required for one Jar. The depth of this amount of

this amount of solution, within the container, was about one and

one-half inches. The specific gravity of the solution was measured

with a Baume scale hydrometer. The humidity within the humidifier

was measured with a hair humidity gauge, accurate within 2 percent.
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Temperature Control

The humidifiere were kept in ft well insulated constant

temperature room under conditions of 80° P. { 1° F.) and a

relative humidity of 50 pereent to 60 percent. The temperature

in the room was thermostatically controlled by means of a

Frigldaire room air conditioner and an electric heater.

Special Apparatus

Moisture Tester . The Stelnllte Flectric Moisture Teeter,

Series l was used for all moisture testing of the wheat for this

Investigation.

scales . All weighing was done on a Torsion Prescription

Balance, accurate to .01 gram.

Testing Jars . Two ounce glass Jars were used as testing Jars

in this experiment. Twenty grams of wheat approximately half

filled one of these jars.

METHODS

Technique in Preparing and infesting the wheat

Aecording to Boyee (1946), there may be 32 pairs or 64

beetles in 20 grams of flour before there is mueh overcrowding.

For this reason, it was deelded that 20 grams would constitute a

convenient slse wheat sample; though It Is recognized that a

20-gram wheat sample and a 20-gram flour sample do not constitute
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the same environment, T?ach sample was in turn Infeeted with 50

insects. The grain was thoroughly cleaned with a sieve and then

each cracked kernel was carefully picked out. Only whole kernels

were used in this test. The wheat was then weighed out into

20-gram lots and each lot placed in a two-ounce jar. Seventeen

of these samples were placed in one humidifier along with one

155-gram sample of wheat which was used for a moisture check,

Theae 17 samples were weighed every five days and the moisture

content was taken every two days. The wheat gained or lost in

moisture content acoording to the humidity within the humidifier.

When the samples were reweighed, at the end of each five-day in-

terval, wheat was added to or removed from eaoh sample to maintain

the 20~gram sample. Within ten days the wheat would begin to

level off in moisture content and at the end of approximately

three weeks the moisture content was stabilised. However, over an

extended period of time (eix weeks to three months) the weight of

80 grams of wheat would usually gain or lose from 0,01 to 0,02 of

a gram with the humidity within the container remaining the same.

In other words considerable tine was required for the grain to

completely stabilise* For this reason two of the original 17,

SO-gram samples were maintained as weight-control samples along

with the 165-gram moisture check sample. At the end of three

weeks, or after the grain had reached a moisture content in equi-

librium with the humidity, the 17 samples were reweighed and 15 of

them were infested.

It was found advantageous to sift the 6 to 15 day old



booties into a largo pan. As the insocto migrated toward the

vails of the pan, they were collected with an aspirator. The

beetles were collected In groups of 50 individuals at a tine for

15 times* Bach 50-beetle group was double checked for accurate

count and then placed in a 20-gram wheat sample* After 15 of

the aaaplea had been infested, they were placed in the humidifier

along with the two weight-control samples and the moisture-check

sample*

Length of Infestation Periods

The infestation periods of the wheat samples were two months,

four months and six months* Five of the samples were removed from

the humidifier and examined at the end of two months* five more

at the end of four months and the remaining five at the end of

six months* The two weight-control samples were weighed and the

moisture content of the 105-gram sample was taken at weekly in-

tervals during the six months 1 period. With a eheok such as this,

the aoid solution within the humidifier could easily have been

strengthened or weakened had the wheat suddenly gained or lost a

large amount of moisture*

Determining the Weight Loss of the Wheat

At the end of eaoh Infestation period, when five of the in-

fested samples were examined, the insects were first separated

from the wheat* This was done with the use of a 10 mesh screen

sieve* The oontents of the sample jar were dumped into the sieve
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and the sample jar was oleaned out with a snail camel hair brush.

The brush was employed for the purpose of removing the waste dust

that adhered to the bottom and aides of the jar. The contents

were then sifted with the insects and dust falling into a pan and

the wheat remaining in the sieve. The wheat was then weighed and

this weight subtracted from the weight of the control samples

which were weighed as soon as they were removed from the humidi-

fying chamber. By the use of this method, gain or loss in the

weight of the wheat was known and the weight loss could be more

accurately determined.

It was found that the wheat did not lose weight Immediately

after removal from the humidifier or through sifting. This was

shown by removing one of the weight control samples from the

humidifier and allowing it to remain at a much lower humility for

a nerlod of two hours. At the end of this time the sample' was

weighed and the weight recorded. The sample was then returned to

the chamber and allowed to remain for three days. After the com-

pletion of this period the sample was removed and weighed as soon

as possible. This weight and the weight whioh was obtained three

days previous were Identical. This procedure was repeated three

times with the same results*

The insects were separated from the waste or dust by means

of a 100 mesh screen sieve. In this way the young larvae were

easily removed from the dust. The dust was then brushed from the

pan onto a small pleoe of paper and weighed.
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Separating and Counting the Insects

The insects, after being separated from the dust, were put

into a small pie pan. As the beetles migrated to the edge of the

pan, they were raked over the side with a brush into another pan

and counted. The dead adults were removed from the first pan and

counted. The larvae and pupae were transferred to a petri dish

and placed under the Dasor lamp. The pupae were counted and re-

moved from the petri dish. After counting the larvae, an estimate

was made of their different instars. The author made no attempt

to measure the head capsules of these larvae to determine the dif-

ferent instars. This estimation was made by comparing the sizes

of the larvae.

RKSULTS

Working under the laboratory conditions as already described

with adults of the flour beetles, Trlbolium confusum and T. cas-

taneura, this investigation was designed to determine the weight

loss of whole kernel wheat and also the ability of these insects

to reproduce on whole kernel wheat. This experiment was carried

out on 20-gram lots of wheat with moisture contents of 10,2 per-

cent, 12.2 percent and 14,2 percent. Each lot was infested with

50 adult beetles with infestation periods of 60 days, 120 days

and 180 days respectively. The results of five replications in

which the two species of Trlbolium are confined to wheat under

the above conditions are presented in Tables 2 to SI (confusum
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Tables 2 to 17} oastaneun Tables 18 to 51 •)

The weight loss as stated In this thesis is figured on the

basis of the lose or damage to the grain samples with the waste

and feces removed* The difference in weight between the weight

loss of the grain and the weight of the dust might be considered

in part the metabolic loss. However* the metabolic loss was not

considered In this experiment* only the gross weight loss to the

wheat*

It was of interest to note the way in which the wheat kernels

were attacked by the beetles* The only successful attacks were

made at the end of the kernel containing the embryo* Ho grains

were found in which the damage had started from the other end*

This is in accordance with the experience of Birch (1947)* After

the grain embryo was removed* feeding proceeded toward the other

end of the kernel* A few of the grains were almost destroyed ~
only a mere shell was left. About one-third of the kernels were

damaged at each of the three different moisture contents. Row-

ever* the wheat with the highest amount of water had more grain

shells or was damaged the most* That is* the wheat with a mois-

t-ore content of 10*2 percent was not damaged aa much (did not

have as many shells) as the wheat with a moisture content of

12*2 percent even though approximately one-third of the kernels

had been attacked and damaged in each case* This was true in com*

paring the 12.2 percent wheat with the 14.2 percent. Illustra-

tions of the grain damage, the dust from the damaged grain, and

the insects and their progeny after infesting the wheat during

the different periods of time are shown in Figs* 1 to 45*
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Table 2. Extent of damage to 00 grams of whole kernel wheat with
a moisture content of 10.2 percent by 50 T. confusua
and their progeny when confined for 60 days.

Sample
no.

i Weight of infested
tWeight of : sample with insects
: control. « :and dust removed* a.

• •
* 1

i weight t

j loss. £ :

Weight of
dust. R

1 20 19.76 0.24 0.16

2 20 19.74 0.26 0.18

5 20 19.73 0.27 0.17

4 20 19.76 0.24 0.15

5 20 19.76 0.25 0.17

Average •» «• 0.25 0.17

Table 8. tent of reproduction of 50 T. confusum when
for 60 days to SO grama of whole kernel wheat
moisture content of 10.2 percent.

confined
with a

Sample
no.

* i ew emerg
iNo. larvae tHo. pupae jadults

;.t Ho. dead :

: adults :

;o.

increase

1 S 89

2 4 57 4

5 v 29 9

4 6 87 5

5 6 85 6

Average 5.4 85
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Fig. 1. Damage caused to whole kernel wheat
with a moisture content of 10.2 per-
cent by adult T. confusum and their
progeny over an infestation period
of 60 days.
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Fig. 2. Adult T. confusum and their progeny after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 10.2 percent.

Fig. 3. Dust from 20 grams of whole kernel wheat with a
moisture content of 10.2 percent caused by
T. confusum and their progeny during 60 days in-
festation.
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Table 4

4

Stent of da«eg* to 20 grans of whole kernel wheat with
* m^.*™** ftftnt*int rif 12.2 oarcent bv SO T. oonfuswsi

and their progeny whan confined for 60 day**

no
.f ,

1

tWeight of
: control. R

:ei«ht of infested % t

t sample with lnaaota t Weight t

ireacved. 1 t loaa^A. L
Weight of
duet, r

1 20,01 12*56 0*45 »84

2 20.01 0.36 0*16

3 20*01 12*52 0*42 0*86

4 20*01 10*62 0*42 0*88

5 20.01 10*62 0*88 0.23

Average e» 0*48 0*23

Table ftt *xt*mt of rcorodtietion of 60 T^. eonfuewe whan
for 60 days to 20 grace of whole kernel wheat
oiature content of 12*2 percent.

confined
with a

Sample
no* :*'o. larvae

: ttfew amerg.t Ko* dead
t!?o* pupae tadulta t adulta

: 8e«
: increase

1 81 2 6 14 ?v

t 18 8 2 6 16

1 26 6 6 2 37

4 88 7 4 8 34

5 19 4 6 10 88

Average 80*2 6.4 4.4 .2 88
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Pig. 4. Damage caused to whole kernel wheat
with a moisture content of 12.2 per-

cent by adult T. confusum and their
progeny over an infestation period
of 60 days.
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/

«W*

I
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Fig. 5. Adult T. confusum and their progeny after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Pig. 6. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. confusum and their progeny during 60 days in-
festation.



Table 6* Fxtent of damage to 20 grama of whole kernel
a moisture content of 14*2 percent by 50 £,
and their progeny when confined for 60 daye*

27

wheat with
confusum

Paraple
no.

: IWeight of infested ;

iWelght of seamples with insects:
t control, 8 : removed, g :

Weight
loss, g

•
•

i Weight of
1 dust. £

1

2

5

4

&

Average

20*02 19.42

20*02 19*31

20*02 19.36

20.02 19.34

20.02 19.39

0.60

0.71

0*66

0.68

0.63

0.66

0.31

0.33

0.30

0.32

0.30

0.32

Table 7. Extent of reoroduction of 60 T. confusura When confined
for 60 days to 20 grama of whole kernel wheat with a
moisture content of 14*2 percent*

1
1

. 1

1

: : r* emerg.
:Ho. larvae :So. pupae tadults s adults

1
t Nf>,

t Increase

1

2

S

4

5

MrWVtfa

13 9 16

16 18 23

12 7 26

12 8 81

11 9 19

12.8 9 21

2

1

1

i

2

1.4

38

51

45

41

M
42*8
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Fig. 7. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. confusum and their progeny
over an infestation period of
60 days.
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Fig. 8. Adult T. confusum and their progeny after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 14.2 percent.

Fig. 9. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. confusum and their progeny during 60 days in-
festation.
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Table 8. Extent of damage to 20 grams of whole kernel wheat with
a moisture content of 10.2 :>ercent bv 50 T. ccnfusum
and their progeny when confined for 120 days*

:wjple
no*

: tWeight of Infested :

tWelght of t sample with Insects t

: control, g : removed, g t

t

Weight t

loss, g t

Weight of
dust, g

1 20 19.65 0.35 0.22

2 20 19.63 0.37 0.23

3 20 19.68 0.32 0.19

4 20 19.67 0.33 0.21

5 20 19.64 0.36 0,21

Average • «• 0.35 0.21

Table 9* Extent of reproduction of 50 T. confueum when confined
for 120 days to 20 grams of wHole kernel wheat with a
moisture oontent of 10,2 percent.

mple » t sTJew emerg
: o. larvae sN'o. pupae tadults

• t Mo. dead l

I iults : Increase

1 2 52 2

1 3 53 3

3 2 52 2

4 1 51 1

5 3 53 3

Average ••1 52.2 2.2
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Fig. 10. Damage caused to whole kernel
wheat with a moisture content
of 10.2 percent by adult
T. confusum and their progeny
over an infestation period of
120 days.
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Fig. 11. Adult T. confusum and their progeny after 120 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 10.2 percent.

Fig. 12. Dust from 20 grams of whole kernel wheat with a
moisture content of 10.2 percent caused by
T. confusum and their progeny during 120 days in-
festation.
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Table 10, Extent of dosage to 20 grams of whole kernel wheat with
a moiature content of 12,2 percent by 60 T, confusum
and their progeny when confined for 120 days.

I tWeight of infested t t

Sample tWeight of taample with inaecta t Weight t Weight of
no, i control, g troroowcd, g t loaa. g t duet, g

1 20,01

2 20,01

5 20.01

4 20,01

5 20.01

iiimi -

18,60

18.72

1 .95

18,78

18,86

1*41

1.29

l.oa

un
1.16

1,25

0,45

0,58

0,52

0.56

0.55

0.56

Table 11, Fxtent of reproduction of 60 T. confusum when confined
for 120 days to 20 grama of whole kernel wheat with a
moisture content of 12,2 percent.

Sample t t tHew emerg.i No, dead t No,
no. tNo. larvae »No. pupae tadulta » adults t Increase

1 51

2 28

5 26

4 26

6 27

Average 27.4

4

5

6

4

5

5.8

45

57

52

55

55

56

54

26

40

29

56

55

78

68

65

64

65

67,2
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Pig. 13. Damage caused to whole kernel
wheat with a moisture content
of 12.2 percent by adult
T. confusum and their progeny
over an infestation period of
120 days.
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Fig. 14. Adult T. confusum and their progeny after 120 days

confinement to 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Fig. 15. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. confusum and their progeny during 120 days in-
festation.



Table 12. Extent of damage to 20 grama of whole kernel
a raolature content of 14.2 percent by 50 T.

\

and their progeny when confined for 120 daye

wheat with
sonfusu*

Sample
no.

i tWeight
iWeight of laample
j control, g :removed

of infested
with insects

: i

t Weight *

I l08S t g 3

Weight of
dust, g

1 20.02 18.50 1.52 0.56

• 20.02 | |M 1.7S 0.6S

3 20.02 18.24 1.78 0.66

4 20.02 18.38 1.64 0.59

5 20.02 18.SS 1.69 0.60

Average - 1.67 0.61

Teble IS. Extent of reproduction of 50 T.
for 120 days to 20 grams of who]
moisture oontent of 14.2 porcenl

confuaua wheia confined
Le kernel whei

rample
no.

: t tNew emerg.j No. dead
tHo. larvae iSo. pupae tadulte t adults

l Ho.
t increase

1 14 7 oe s 77

1 17 11 65 2 91

8 16 12 69 2 97

4 15 10 59 S 84

5 16 8 58 1 82

Average 15.6 9.6 61 2.2 86.2
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Fig. 16. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. confusum and their progeny-
over an infestation period of
120 days.
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Pig. 17. Adult T. confusum and their progeny after 120
confinement to 20 grams of whole kernel wheat
a moisture content of 14.2 percent.

davs
with

Fig. 18. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. confusum and their progeny during 120 days in-
festation.
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Table 14. latent of damage to 20 grama of whole kernel

a moisture content of 12.2 percent by 50 T.
j

and their progeny when confined for 180 daya

wheat with
sonfusum
•

Staple
no.

s .Weight of infested t

tWelght of t sample with insects I

t control, g tremoved, g t

Weight t

loss, g l

Weight of
dust, g

1 20.01 18.59 1.62 0.57

2 20.01 18.14 1.87 0.71

5 20.01 18.50 1.71 0.68

4 20.01 18.52 1.69 0.66

5 20.01 18.25 1.76 0.70

Average m. — 1.73 0.66

Table 15. Extent of i»em»oduction of 50 T. eonfueum when confined

for 180 days to 20 grams of whole kernel wheat with a
moisture content of 12.2 percent.

Sample
no.

i : tKew emerg.
t No* larvae 5 Ho. pupae tadults

t No. dead
s adults

I Ko.
t increase

1 54 2 4C 88 m
2 55 4 56 41 03

3 H 5 48 44 79

4 50 2 49 A2 81

5 52 3 68 45 87

Average 51.4 2.8 50.2 42 84.4
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Fig. 19. Damage caused to whole kernel
wheat with a moisture content
of 12.2 percent by T. confusum
and their progeny over an in-
festation period of 180 days.
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Fig. 20. Adult T. confusum and their progeny after 180 days
confinement of 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Fig. 21. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. confusum and their progeny during 180 days in-
Testation.
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Table 16. Extent of damage to 20 grama of whole kernel

a moisture content of 14.2 percent by 50 T.
j

and their progeny when confined for 180 days

wheat with
uonfuowa

Sample
no*

• sWeight of Infested t

iWeight of .sample with insects t

: control, g : removed, g tM

I

aUht »

loss, g t

Weight of
dust. £

1 20.02 17.74 °.28 0.78

2 20.02 18.09 1.93 0.69

5 20.02 17.98 2.04 0.73

4 20.02 17.66 2.37 0.86

5 20.02 17.84 2.18 0.83

Average •m > 2.16 0.78

Table 17. ****** ft? mprnAuatlon of 50 T. confusura when confined

for 180 days to 20 grams of whole kernel wheat with a

moisture content of 14.2 percent.

Scrapie
no.

: : ow emerg.
»No. larvae iNo. pupae : adults

o. dead
* adults

J 110.

: UHIWH

1 18 4 67 3 89

2 19 3 60 2 M

3 14 3 61 3 78

4 21 5 72 2 98

6 20 2 G6 4 88

Average 10.4 3.4 65.2 2.8 87
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Fig. 22. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. confusum and their progeny
over an infestation period of
180 days.
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Adult T. confusum and their progeny after 180 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 14.2 percent.

Fig. 24. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. confusum and their progeny during 180 days in-
festation.
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Table 18. Extent of damage to 20 grams of whole kernel wheat with
a moisture content of 10.2 percent by 50 7. <

and their progeny when confined for 60 days.

t iWeight of infested t t

Sample t Weight of tsample with insects t Weight t Weight of

no. t control, g sremoved, g t loss, g t dust, g

1

2

5

4

6

Average

20

20

20

20

20

19.83

13.81

10.91

19*80

19.84

0.17

0.19

0.19

0.18

0.16

0.18

0.08

0.09

0.10

0.08

0.07

0.08

Table 19. T?xtent of reproduction of 50 T. caetaneuw when confined
for 60 days to 20 grams of whole kernel wheat with a
moisture content of 10.2 percent.

Sample : t tHew emerg.: No. dead i lo«
no. »Tfo. larvae :No. pupae tadults t adults t Increase

1

2

5

4

6

Average

50

50

50

50

50

50
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Pig. 25. Damage caused to whole kernel
wheat with a moisture content
of 10.2 percent by adult
T. castaneum over an infesta-
tion period of 60 days.
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Fig. 26. Adult T. castaneum, without progeny, after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 10.2 percent.

Fig. 27. Dust from 20 grams of whole kernel wheat with a
moisture content of 10.2 percent caused by
T. castaneum during a period of 60 days infesta-
tion.
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Table 30, Extent of damage to 20 grams of whole kernel
a moisture content of 12.2 percent by 50 T. <

and their progeny when confined for 60 days*

wheat with
sastoneum

Sample
t

tWeight of
: control

f g

tWeight of infested t

i sample with insects t

j
tremovedj g t

t

"ci": :t :

loss, g t

Weight of
dust, g

1 20.01 19.72 0.29 0.21

2 20.01 19.87 0.23 0*16

9 20.01 19.71 0.80 0.23

4 20.01 19.76 0.25 0.17

5 20.01 19.74 0.27 0.19

Average m - 0.27 0.19

Table 21. Extent of reproduction of 50 T. castaneum when confined
for 60 days to 20 grams of whole kernel wheat with a
moieture content of 12.2 percent.

Sample I : M emerg.
»Ho. larvae »Ho. pupae sadults

I 'o. dead
: adults

t No.
t increase

1 7 S 1 43 11

2 6 1 45 7

3 6 2 41 8

4 5 44 5

6 6 1 42 7

Average 6 1.2 0.4 43 7,6
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Fig. 28. Damage caused to whole kernel
wheat with a moisture content
of 12.2 percent by adult
T. castaneum and their progeny
over an infestation period of
60 days.
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Fig. 29. Adult T. castaneum and their progeny after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Fig. 30. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. castaneum and their progeny during 60 days in-
festation.
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Table 22. Extent of damage to 20 grams of whole kernel
a moisture content of 14*2 percent by SO T.
and their progeny when confined for 60 daya*

wheat with
. ... snsfisi

Sample
no.

: iWeight of infested
tWelght of t sample with insects
j control, g jremoved, g

: :

t Weight t

* loss, g t

Weight of
dust, g

1 20.02 19.56 0.46 0.27

e 20,02 19.51 0.51 0.26

s 20.02 19.53 0.49 0.25

4 20.02 19.49 0.53 0.27

5 20.02 19.55 0.47 0.26

Average a» m 0.49 0.28

Table 23. Extent of reproduction of 50 T.
for 60 days to 20 grams of whole
moisture content of 14.2 percent

eastaneum when confined
t with akernel whea

•

Sample
no.

I t tKew emerg
iNo. larvae tHo. pupae %adults

•1 No. dead
i adults

J !To.

: increase

1 5 6 11 11

2 6 3 8 8 17

3 5 1 6 10 12

4 7 3 9 5 19

5 6 2 6 9 14

Average 5.8 1.8 7 8.6 14.6
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Pig. 31. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. castaneum and their progeny
over an infestation period of
60 days.
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Fig. 32. Adult T. castaneum and their progeny after 60 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 14.2 percent.

Pig. 33. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. castaneum and their progeny during 60 days in-
festation.
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Table 24* Extent of damage to 20 grams of whole kernel wheat with
a moisture content of 12.2 oercent bv 50 T. cattaneum
and their progeny when confined for 120 days*

Sample
t

tWeight of
» control j t

tWelght of infested t

: sample with insects I Weight
; {removed A , t loss,

,

I

tWeight of
tdust, g

1 20.01 19.68 0.88 0.26

2 20.01 19.67 0.84 0.22

3 20.01 19.66 0.85 0.24

4 20.01 19.70 0.81 0.20

5 20.01 19.68 0.88 0.21

Average - - 0.84 0.28

Table 25. "Extent of reproduction of 50 T. castaneuci when confined
for 120 days to 80 grams of whole kernel wheat with a
moisture oontent of 12.2 percent.

Sample
nc.

•
•

fHo. larvae
(New emerg.s No. dead

:No. pupae sadults : adults
I lo.
: Increase

1 15 8 5 49 28

2 8 2 4 47 14

5 9 2 8 4b 14

4 7 1 4 48 12

5 8 2 8 46 IS

Average 9.4 2 8.8 47 15.2

•
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Fig. 34. Damage caused to whole kernel
wheat with a moisture content
of 12.2 percent by adult
T. castaneum and their progeny
over an infestation period of
120 days.
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Fig. 35. Adult T. castaneum and their progeny after 120 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Fig. 36. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. castaneum and their progeny during 120 days
infestation.
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Extent of damage to 20 grama of whole kernel wheat with
a mMntuvft content of 14*2 oercent bv 50 T. castaneum
and their progeny when confined for 120 daye.

Sample
no,

1

2

5

4

5

Average

•
•

.Weight of
j control, g

jWeight of infested
t sample with insects
tremoved | g

t t

i Weight : Veight of
t loss, g : duet, g

20,02

20.02

20,02

20,02

20.02

10.40

19.45

19.45

19.42

19.47

0.62 0.S0

0,57 0,28

0,59 0.29

0.60 0.27

0.55 0.25

0.59 0.88

Table 27, Extent of reproduction of 50 T. castaneum when confined
for 120 daye to 20 grama of whole kernel wheat with a
moiature oontent of 14.2 percent.

Sample
no. t^o, larvae

t sHew emerg.t No. dead :

:?io, pupae tadults t adults : increase

1

2

8

4

5

Average

8

6

9

7

5

7

8 10

2 9

8 IS

8 8

7

2.2 9,4

12 21

18 17

10 25

9 18

16 12

12 18.6
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Fig. 37. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. castaneum and their progeny
over an infestation period of
120 days.



59

Fig. 38. Adult T. castaneum and their progeny after 120 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 14.2 percent.

Fig. 39. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. castaneum and their progeny during 120 days
infestation.
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Table 20 • TSxtent of damage to SO grama of whole kernel wheat with
a moisture content of 12,2 percent by 50 T. oastaneum
and their progeny when confined for 180 day**

II tweight of infested s

Scmple iWeight of tsample with insects t Weight t Weight of
no. i control , g land dust removed, g t loss, g t dust, g

1 20,01

2 20.01

5 20.01

4 20.01

5 20.01

Average •

19.61

19.54

19.62

19.57

0.42

0.40

0.47

0.S9

0.44

0.42

0.29

0.27

0.52

0.26

0.29

ttfl

Table 29. Extent of reproduction of 50 T. castaneum when confined
for 180 days to 20 grams of whole kernel wheat with a
moisture content of 12.2 percent.

Sample : i tSew emerg.t Ho. dead t ??o.
no. tNo. larvae tHo. pupae tadults t adults t increase

1 15

2 12

8 14

4 11

5 14

Average 1S.2

1

1

2

2

1.2

12

10

11

7

9

9.8

48

51

49

54

52

50.8

28

23

27

18

25

24.2
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Pig. 40. Damage caused to whole kernel
wheat with a moisture content
of 12.2 percent by adult
T. castaneum and their progeny
over an infestation period of
180 days.
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Fig. 41. Adult T. castaneum and their progeny after 180 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 12.2 percent.

Fig. 42. Dust from 20 grams of whole kernel wheat with a
moisture content of 12.2 percent caused by
T. castaneum and their progeny during 180 days
infestation.
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Table 80. Extent of damage to SO grama of whole kernel wheat with
a moiature oontent of 14.2 oereent by 60 T. caetaneum
and their progeny when confined for 180 daya.

Sample
no.

t tWelght of infested
iWelprht of j sample with insects
: control, g land dust removed, g

: I

i Weight : Weight of
j loss. | i dust, g

1 20.02 19.28 0.79
,

0.88

2 20.02 19.26 0.76 0.84

8 20.02 19.27 0.75 0.87

4 20.02 19.83 0.69 0.82

5 20.02 19.25 0.77 0.86

Average «» • 0.75 0.86

Table 81. Extent of reproduction of 50 T.
for 180 days to 20 grama of who!
moiature content of 14 .2 percent

caetaneum when confined
,e kernel wheat with a

no.
t : iSew eraerg.j No. dead : Tlo.

tNo. larvae tNo. pupae tadults t adults t increase

1 18 2 17 21 32

8 11 1 14 M 26

8 10 2 u 26 30

4 9 2 11 S3 22

5 12 8 16 19 81

Average 11 2 15.2 25.6 88.2
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Pig. 43. Damage caused to whole kernel
wheat with a moisture content
of 14.2 percent by adult
T. castaneum and their progeny
over an infestation period of
180 days.
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Fig. 44. Adult T. castaneum and their progeny after 180 days
confinement to 20 grams of whole kernel wheat with
a moisture content of 14.2 percent.

Fig. 45. Dust from 20 grams of whole kernel wheat with a
moisture content of 14.2 percent caused by
T. castaneum and their progeny during 180 days
infestation.
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< xtertt of Damage

By Infesting wheat samples of different moisture contents

with the seme number of adult Insects it has been found that the

moisture content plays an Important part in the extent of damages

or weight loss of the wheat* For 20-grara lots of wheat with a

moisture content of 10.2 percent and each infested with 50 adult

Trlbollum confusum the average weight loss at the end of 60 days,

was 0*25 gram and the average quantity of dust 0*17 gram (Table 2,

Figs* 1 and 3)* At the end of 120 days the weight loss of five

20-gram samples averaged 0.55 gram and the weight of the dust

0,21 gram by 50 adult beetles and their progeny (Table 8, Figs* 4

and 6)* There was complete mortality of these by 120 days* The

weight loss by T. castanataa to 20-gram lots of wheat under the

above conditions averaged 0*18 gram and the weight of the dust

0.06 gram at the end of 60 days as shown in Table 18, Figs* 25

and 27* Trlbollum castaneum under these conditions showed com-

plete mortality by the end of 60 days.

The average weight loss of the wheat with a moisture content

of 12*2 percent* Infested with T. confusum, was 0.42 gram and the

weight of the dust 0.2S gram at the end of 60 days, 1.23 grams

and 0*56 gram at the end of 120 days and 1.73 grams and 0.66 gram

at the end of 180 days (Tables 4, 10, 14, Pigs. 4 and 6, 15 and

15, 19 and 21). For T. castaneum at the end of 60 days the
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damage or loss to the wheat, at 12.2 percent moisture content,

averaged 0.27 gram and the dust 0*19 gram, 0.54 gram and 0.23

gram at the end of 120 days and 0.42 gram and 0,29 gram at the

end of 180 days as shown in Tables 20, 24, 28, Figs. 28 and 50,

54 and 56, 40 and 42.

The wheat with a moisture content of 14*2 percent and in-

fested with T. confusum showed an average weight loss of 0.66

gram with the average amount of dust weighing 0*52 gram at the

end of a 60 day period, 1.67 grama and 0#61 gram at the end of

120 days and 2.16 grama and 0.78 gram after 180 days (Tables 6,

12, 16, Figs. 7 and 9, 16 and 18, 22 and 24). For T. oaetaneum

the average loss for the 20-gram samples of wheat was 0.49 gram

and the quantity of dust was 0.26 gram at the end of 60 days,

0.59 grem and 0.26 gram at the end of 120 days and 0.75 gram and

0.55 gram at the end of 180 daya (Tables 22, 26, 50, Figs. 51 and

55, 57 and 59, 45 and 45)

•

From the foregoing section it is evident that the moisture

eontent of the wheat is an important factor in the amount of

damage or weight loss of the grain. It is also evident that

T. confusum caused appreciably greater damage to the wheat than

T. castaneum . Theae factors are represented graphically in Figs.

46 and 47.

Extent of Reproduction

In 20-gram samples of wheat with a moisture eontent of 10.2

percent, 50 adult T. confusum produced an average of 5.4 larvae
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toy the end of ft 60 day period. Ho pupae or ftdulte were produced

during this time. Thue the average Increase for T. confusum at

the end of 60 days was 8 #4 (Table 3j Fig, 2). At the end of 180

daye there were no larvae or pupae , however, an average of 2.2

adults had emerged but were found dead as there was complete mor-

tality of £. confueum by the end of 120 days (Table 9| Fig. 11).

Trlbollum oastansum In 10.2 percent wheat were all dead without

reproduction at the end of 60 days (Table 19 , Fig. 26).

The average increase in reproduction for T. confueum in

wheat with a moisture oontent of 12.2 peroent was 30 insects at

the end of 60 days; 20.2 larvae, 5.4 pupae and 4.4 adults (Table

5, Fig* 5). By the end of 120 days their average increase in

reproduction was 27.4 larvae, 5.6 pupae and 36 adults making a

total of 67.2 (Table 11, . 14). For T. confusum in wheat with

12.2 percent moisture oontent the average increase In reproduction

at the end of 180 days was 31.4 larvae, 2.8 pupae and 50.2 adults

making a total of 84.4 (Table 15, Fig. 20). The average Increase

in reproduction at the end of 60 days for 50 adult T. oastaneum

In 20-gram samples of wheat with a moisture content of 12.2 per*

cent was 6 larvae, 1.2 pupae and 0.4 adults making a total of 7.6

(Table 21, Fig. 29). For T. oastanwq^ at the end of 120 days the

average was 9.4 larvae, 2 pupae and 5.8 adults giving a total of

15.2 (Table 26 f Fig. 35). By the end of 180 days their average

increase was 13.2 larvae, 1.2 pupae and 9.8 adults making a total

of 24.2 (Table 29, Fig. 41).

Fifty adults of T.. confusum after being confined for GO days

sn^H ^H



to 20 grans of wheat with a 14*2 percent moisture content shoved

an average lnoreaee in reproduction of 12.8 larvae, 9 pupae and

21 adults giving a total of 42.8 (Table 7, Fig. 8). After 120

days confinement this sane species had an average Increase of

15.C larvae, 9.6 pupae and 61 adults making a total of 86.2

(Table IS, Pig. 17). At the end of 180 days their average in-

crease was 18.4 larvae, 9*4 pupae and 65.2 adults this giving a

total of 87 insects (Table 17, Fig. 25). Trlbollum castanoun in

wheat with a moisture content of 14.2 percent showed an average

increase of 5.8 larvae, 1.8 pupae and 7 adults giving a total of

14.6 at the end of 60 days (Table 25, Fig. 52). By the end of

120 days the average Increase in reproduction of T. oastaneum was

7 larvae, 2.2 pupae and 9*4 adults which made a total of 18.6

(Table 26, Fig. 38). After 180 days their average was 11 larvae,

2 pupae and 15.2 adults giving a total of 28.2 (Table 51, Fig.

44). The reproduction is represented graphically in Figs. 48 and

The moisture content of the wheat appeared to be an important

factor not only in the weight loss of the grain but also in the

extent of reproduction of these insects. It has been shown that

!• coaftt—a was much more successful in reproduction while living

in whole kernel wheat under these conditions than T. oastaneum .

In the 10.2 percent wheat there was little reproduction in

!• oonfusum and none in T. oastaneum. Larvae of T. confusua were

found after the first 60 days but no pupae. However, after 120

days an average of 2.2 insects had reached the adult stage and

died.



In the wheat with a moisture content of 12.2 percent there

was an increase of larval population in comparison with the 14.2

percent wheat and a small number of pupae. Upon examining and

eetiratinf; the different larval lnatars there seemed to be a

preponderance of last instar larvae. There were more of these

large larvae of the same else than any of the other smaller in-

stsrs. Chapman (1918) stated that the life cycle of the beetles

reared on different foods, under uniform conditio! s, may vary in

length and that this difference in development is confined

largely to the last larval instar. However, in this experiment

there was an increase in number of the last larval instar when

reared on the same food under different moisture conditions.

There was a more equal distribution of the different instars of

the larvae in wheat with a 14.2 percent moisture content. Also

in the 14.2 percent wheat there were more pupae and less larvae

than in the 12.8 percent wheat. This indicates that the beetles

developed and emerged faster in the 14.2 percent wheat than in

the 12.2 percent wheat.

Mortality

The extent of mortality of the immature stages under the

conditlone In this experiment is not known because these lnseots

may consume some of their eggs, larvae and pupae, particularly

eggs and pupae. The mortality of the adults was determined by

counting the dead. These dead Insects appeared to be mostly of

the original 60 and not of their progeny. In 20~gram wheat

TO
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samples with a moisture content of 10*2 percent , Infested with 50

adult T. confusum . the average number of dead adults was 85 at

the end of 60 days (Table 5). By the end of 120 days the avenge

number was 52.2 or complete mortality (Table 9). For T. caataneua

under these conditions there was an average of 50 or complete mor-

tality at the end of 60 days (Table 19).

In wheat with a moisture content of 12.2 percent, Infested

with 50 adult T. confususu the average number of dead adults at

the end of 60 days was 8.2, at the end of 120 days 55, and at the

end of 180 days 42 (Tables 5, 11 and 15). For T. castaneum In

12.2 percent wheat the average number of dead adults at the end

of 60 days was 45, at the end of 120 days 47, and at the end of

180 days 50.8 (Tables 21, 25 and 29).

In 20-gram samples of wheat with a moisture content of 14.2

percent. Infested with 50 adult T. confueum . the average number

of dead adults at the end of 60 days was 1.4, at the end of 120

days 2.2, and at the end of 180 days 2.8 (Tables 7, 15 and 17).

In 14.2 percent, Infested with £. castaneum. the average number

of dead adults at the end of 60 days was 8.6, by the end of 120

days 12, and at ths end of 180 days 25.6 (Tables 28, 27 and 51).

From the above discussion the moisture content appears to be

an Important factor In the mortality of these lnseots. As the

moisture content of the wheat Increases the mortality decreases.

There was a much greater mortality rate for T. oaatansra than for

T. oonfu,fffli.
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The Effects of the tength of Infestation

Table 32 gives the average percentages of weight loss to the

20-gram samples of wheat and the average number of live insects

present at the three different moisture levels at the end of eaoh

60 day infestation period. The average total number of live in-

sects was determined by adding the average number of increase to

the original 50 adults minus the number of dead adults. For

2» oonfuemn at the end of 60 days the average percent of damage

or weight loss to the 20-gram samples of wheat with a moisture

content of 10.2 percent was 1.2 percent with a total of 20 in-

sects remaining alive. At the end of 120 days the average peroent

of damage was 1.7 with no live insects, the insects having died

Teble 82. The effects of the length of infestation of T. oonfusun
and T. pastaneum In 20-gram samples of whole""keroel
wheat of three moisture levels on the extent of damage
to the wheat and on the extent of development of the
Insect copulations.

t !0.2fo moist, cont. : lg.2/i- moist, cont. : 14.2,> rtoist. cont.
Days s Percent » Total * Percent t Total : -ercent : Total

: danar.e i insects t damage t insects i damage t Insects

confusum

e 1.2 20 2.1 72 8.3

120

100

1.7 6.2

.7

84

102 10.8

134

134

60

120

1-0

.9

pastaneum

1.3 15

1.7 18

2.1 24

2.4

3.0

3.7

55

56

53
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during the second 60 day period* For T. oastanoum the average

percent of damage to the 80-gram samples of 10.2 percent wheat

vat 0.9 anc! no insects, the Insects having died during the first

60 day period.

Trifrollum confusum caused more damage to the 14.8 percent

wheat during the seoond Infestation period (60 to ISO days) than

during the third Infestation period (120 to 180 days). They

caused 5 percent damage to the 80-gram samples of wheat during

the second period as against 8.5 peroent during the third period.

The average total number of insects at the end of 180 days was

134 and at the end of 180 days 194. The explanation of this la

suggested as follows! The insects reach an equilibrium with the

amount of space or food medium in which they live and then destroy

many of thoir immature stages* particularly eggs and pupae (Holda-

way, 1338). This prevents a condition of overcrowding and the

population tends to level off as shown graphically In Fig. 48.

It Is believed that the insects fed on their young In place of

the wheat, causing less damage to the grain at the higher popula-

tion level* The same Is somewhat similar In the case of the 18*8

peroent wheat. However* the Insects did not reach their point of

equilibrium during the last infestation period (Fig. 48).

Trlbol lum oastoneum caused approximately the same amount of

damage to the 14.8 peroent wheat during the second period of in-

festation (60 to 180 days) as during the third period (180 to

180 days)* They kept approximately the same number of live In-

sects all through the 180 day period* This is believed to have
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been due mostly to the increasing rate of adult mortality. These

Insects caused the semi amount of damage to the 12,2 percent wheat

during the second infestation period (60 to 120 days) as during

the third period (120 to 180 days)* They did, however, have a

slightly larger population at the end of 180 days than at the end

of 120 days, Trlbollua eastaneua did net reach a population

equilibrium or leveling stage during the entire 180 aays as can

be seen In Fig, 49. In both damage to the grain and extent of

reproduction, T. confusua was 8 to 4 times more successful than

T. castaneupu
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The results of this experiment seem to warrant the following

conclusions!

1, That when eaoh of the two species of Trlbollum . confusum

and castansma . are confined to whole kernel uneraoked wheat over

a period of 180 days, they are able to live, reproduce and cause

an appreciable amount of damage to the grain which confirms

Birch* s original observations (1947).

8. That when the wheat is of three moisture levels, approxi-

mately 10 percent, IS percent and 14 percent, the insects are more

successful in producing progeny and also cause more damage In

wheat with the highest moisture content than in wheat with the

lowest moisture content,

3, That adult T. confusum are from 2 to 4 times more success-

ful In producing progeny in whole kernel wheat than T. castaneum .

4, That T. confusum cause from 2 to 4 times more extensive

damage to whole kernel wheat than T. castanema .

5, That the moisture content of the wheat has a decided

effect upon the survival of the insects. The time of survival is

much longer In Wheat with a high moisture oontent than In wheat

with a low moisture content.

SUVKARY

The work in this Investigation was conducted to obtain in-

formation regarding the damage to whole kernel wheat by T. con-
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fusum and T. castancum and alto to determine the extent of their

reproduction on whole kernel wheat* A six months' study was made

of these Insects infesting whole kernel wheat of three moisture

levels approximately 10 peroont, 12 percent and 14 percent at a

constant temperature of 80° F.

Stock cultures of T* confusum and T. castaneum were reared

on a mixture of 40 percent white patent flour and 60 percent

wheat middlings or shorts* The sulfuric add method was used in

maintaining the humidity at the desired level, thus keeping the

moisture content of the grain stable. This method consists in

keeping the cultures in an atmosphere of constant humidity which

is maintained by an aqueous solution of sulfuric acid of known

specific gravity. Twenty-gram samples of whole kernel wheat of

the three different moisture contents were infested with 50 adult

insects* Five replications of each Infested sample were left for

periods of 60 days, 120 days and 180 days. Examinations of these

respective samples were made at the end of each period and the

weight loss or damage to the grain determined, the number of

progeny recorded and the adults both live and dead counted.

It was found that the insects caused the most damage to the

wheat with the highest moisture content. There was also a greater

extent of reproduction in the wheat with the highest moisture

lovol. Trlbollum confusum caused more extensive damage to the

wheat and was also more successful in reproduction than T* cas-

taneum.

The average weight loss or extent of damage by T. confusum .
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confined to 20-gran samples of wheat with a moisture oontent of

10.2 percent, at the end of 60 days was 1.2 percent and the aver*

age total number of live Insects was 20. At the end of 120 days

this figure was 1.7 percent weight loss and no live insects.

The insects died during the second infestation period (60 to 120

days). The average weight loss to the 20-gram samples of wheat 9

infested with T. castaneum . at the end of 60 days was 0.9 percent

with no live insects present as they had died during the first

60 days.

In the wheat with a moisture oontent of 12.2 percent the

average weight loss for T. confnaum was 2.1 percent at the end of

60 days with an average total number of 72 live insects. At the

end of 120 days 6.2 percent weight loss occurred with an average

of 84 live insects per 20-gram wheat sample. By the end of 180

days there was an average of 8.7 percent damage to the wheat with

an average population of 102 insects. For T. castaneum in wheat

of the same moisture level the weight loss to 20-gram samples of

wheat at the end of 60 days was 1.3 peroent and the average sise

of the population in these samples was 15 insects. By the end

of 120 days the average weight loss was 1.7 peroent with an aver-

age population of 18 and at the end of 180 days 2.1 percent weight

loss and 24 insects.

In the 14.2 percent wheat, Infested with T. confuaum . the

average extent of damage by the end of 60 days was 3.3 percent

and the average total number of live insects 92. By the end of

120 days these figures were 3.3 percent damage and 134 insects.



At the end of 180 days the average weight loss was 10*0 percent

and the average population still 194* It is believed that at

the end of 120 days T. confusum had reached a population equilib-

rium with their amount of food medium or living space and had

destroyed their young to prevent overcrowding, thus causing less

damage to the grain by living on their young and keeping the

population stable* Damage caused by T. castaneum to 20-gram

samples of wheat with a 14*2 percent moisture content averaged

2*4 peroent at the end of 60 days with an average insect popula-

tion of 55. The damage at the end of 120 days was S percent and

the average total number of insects 86* By the end of 180 days

in 14*2 peroent wheat these figures were S.7 peroent damage with

an average population of 53. Tribclium castanstsi kept approxi-

mately the same slse population during the 180 day period which

Is believed to have been due to the rate of adult mortality*
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INTRODUCTION

The confused flour beetle , Trlbollum confusum Duval , end

the red flour beetle, T. castaneum Kerbst, are well known in-

sect pests of wheat flour and other food products In storage.

Until recently it had been assumed that the flour beetles lived

either on cracked kernels or on the "grain dust" caused by the

abrasion of grains in handling or on the "flour-like* material

resulting from the feeding of other insects. According to Cotton

(1945) the adult flour beetles are able to survive for long per-

iods of time in wheat but little damage will be done since they

are unable to multiply and do not feed on whole grain. Good

(1956) also advanoed the idea that the genus Trlbollum cannot

feed upon whole grain beoause their mandibles are not strong

enough to ohew through the tough outer coating. Parkin (1944)

stated that in different tests "broken grain" was employed be-

oause T. confusum is unable to feed on whole grain.

Upon observing the behavior of these insects Birch (1947)

became skeptical and conducted an experiment to test this point.

He found that both species could live and reproduoe in whole

grain wheat. After six months , about one-third of the grains

had been damaged.

nrnvosn

The experimental work designed for this thesis had a two-

fold purpose: First, to obtain Information regarding the extent
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of damage to the wheat kernels by Trlbollum confusum and T*

castaneum ; and second, to determine the ability of these insects

to reproduce on whole kernel uncraeked wheat. For this reason a

six months* study was made of these insects infesting wheat of

three different moisture contents J 10 percent, 12 percent, and

14 peroent, respectively, at a constant temperature of 80° F»

MaTEHIALS AHD METHODS

Cultures

Stock cultures of these Insects were reared In wide-mouthed

pint jars on food medium of 40 peroent white patent flour and 60

percent wheat middlings or shorts* Insects between the ages of

6 and 15 days were used In this experiment*

establishing Moisture Levels of the "rain

The moisture content of the wheat was obtained and held con-

stant by keeping the cultures in an atmosphere which is maintained

at a constant humidity by exposure to an aqueous solution of sul-

furic add of known specific gravity. Stevens (1916) used this

method in rearing fungi on fruits at a certain humidity* Battery

jars 8" x 15" were convenient to use as the closed containers of

humidifiers* The specific moisture oontent at which a oertain

relative humidity would hold small samples of wheat was found in

the following manner i Two battery jars were set up at approxi-

mately 50 percent and 75 percent relative humidity* Samples of
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155 grams of wheat in pint jars vera placed In each humidifier*

The moisture content cf thia grain, when placed in the large con-

tainers , was 11 »7 peroent. The moisture readings of these

samples was taken every two days, by the use of the Steinlite

r lectrie Koisture Tester. In about 10 days the readings begin to

level off | that is, they begin to remain the same or very nearly

so* The grain in the humidifier of 50 percent leveled off at

about 9 peroent moisture content and the grain in the humidifier

of 75 percent at IS .2 (+ 0,1 percent) moisture content. Water

was then added in small amounts to the solution in the 50 percent

Jar until the grain reached a moisture content of 10.2 (^ 0.1 per-

oent). In using this trial and error method the following data

were gathered!

Relative moisture content I Speoific gravity
humidity % : of ftrain £ i of acid solution

60J$ 2 10.2 0.1 1.29

75#+8 12.2+0.1 1.25

90# 8 14.2 0.1 1.14

Only a small amount of acid solution was required to maintain a

constant humidity within a battery jar. The humidifiers were

kept in a well Insulated constant temperature room under con-

ditions of 80° P. (*1°P.) and a relative humidity of 50 peroent

to 60 percent.

Twenty-gram lots of wheat were each infested with 50 adult

inseots. The wheat was first thoroughly cleaned with a sieve and
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then cracked kernels were carefully eliminated. The wheat wat

then weighed out into 20-gram lots and each lot placed in one

humidifier along with one 155-gram sample of wheat which was used

for a moisture check. These 17 samples were weighed every five

days and the moisture content taken every two days. The wheat

gained or lost in moisture content according to the humidity

within the humidifier. When the samples were reweighed, at the

ond of eaoh five day Interval, wheat was added to or removed frost

each sample to maintain the 20-gram sample. Within ten days the

wheat would begin to level off in moisture content and at the end

of approximately three weeks the moisture content was stabilised.

At the end of three weeks, or after the grain had reached

a moisture content in equilibrium with the humidity, the 17 sam-

ples were reweighed and 15 of them were infested with 50 adult

beetles. The two samples not infested were maintained as weight

check or control Jars,

Handling the Samples

The insects were collected with an aspirator, double cheeked

for accurate count and then placed in a 20-gram wheat sample.

After 15 of the samples had been infested, they were placed in

the humidifier along with the two weight-control samples and the

moisture oheok sample. The infestation periods of the wheat sam-

ples were two months, four months, and six months. Five of the

samples were removed from the humidifier and examined at the end

of 60 days, five more at the end of 120 days and the remaining
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five at the end of 180 days. The two weight-control samples were

weighed and the moisture eontent of the 155-gram sample was taken

at weekly Intervals during the six months' period*

Calculations of Damage

The weight loss as stated In this thesis Is figured on the

basis of the loss or damage to the 20-gram wheat samples with the

waste and feces removed. The difference In weight between the

weight loss of the grain and the weight of the dust might be con-

sidered in part metabolic loss. However, the metabolic loss was

not considered in this experlrent, only the gross weight loss to

the wheat. At the end of each infestation period, when five of

the infested samples were examined, the insects were separated

from the wheat. The wheat was then weighed and this weight sub-

tracted from the weight of the control samples which were weighed

as soon as they were removed from the humidifying chamber. By

using this method, gain or loss in the weight of the wheat was

known and the weight loss could be more accurately determined.

The insects were separated from the waste or dust by means

of a 100-mesh screen sieve. In this way the young larvae were

easily removed from the dust (waste and feces). The insects were

then counted and the number of the various stages determined.

After counting the larvae, a rough estimate was made of their dif-

ferent instars.
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The only successful attacks on the whole wheat kernel were

made at the end of the kernel containing the embryo. Ho grains

were found in whloh the damage had started from the other end.

After the grain embryo was removed, feeding frequently proceeded

further into the kernel. About one-third of the kernels were

damaged at eaoh of the three moisture levels* However, the wheat

with the highest moisture content had more grain shells or was

damaged the most, A few of the grains were almost destroyed—

only a mere shell was left*

Extent of Reproduction

The moisture content of the wheat appeared to be an impor-

tant factor not only in the weight loss or damage of the grain

but also in the extent of reproduction of these inseots* In the

10*2 percent wheat there was little reproduction in T. confusw

and none in T* oastaneum * Larvae of T* confusum wsre found after

the first 60 days but no pupae* However* at the end of 180 days,

an average of 8«2 insects had reached the adult stage and died*

In the wheat with a moisture content of 18.2 percent there was an

increase of larval population in comparison with the 14 •$? percent

wheat and a small number of pupae* Upon examining and esti^tating

the different larval inatars there seemed to be a preponderance

of last instar larvae* There were more of these large larvae of

the same sise than any of the other smaller lnstars* Chapman
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(1918) stated that the life cycle of these beetles reared on dif-

ferent foods, under uniform conditions, may vary In length and

that this difference In development Is confined largely to the

last larval Instar. However, in this experiment there was an In-

crease In masher of the last larval Instar when reared on the

same food under different moisture conditions* There was a more

equal distribution of the different instars of the larvae In the

wheat with a 14.2 percent moisture content. Also in the 14.2

percent wheat there were more pupae and less larvae than in the

12.2 percent wheat. This indicates that the beetles developed

and emerged faster in the 14.2 percent wheat than In the 12.2

percent wheat.

Mortality

The extent of mortality of the immature stages under the

conditions in this experiment Is not known because the Insects

may consume some of their eggs, larvae and pupae* The mortality

of the adults was determined by counting the dead* These dead

Insects appeared to be mostly of the original 50 and not of their

progeny* In 20-gram wheat samples with three moisture contents

the adult mortality is as follows:



moisture content
of wheat % confusion castaneum

10.2 100£ mortality end of
120 daya

100£ mortality and
of 60 days

12.2 42£ mortality and of
ISO days

85/* mortality and
of 180 daya

14.2 8£ mortality and of
130 days

40Jf stortality end
of 180 daya

Damage and Populations

Table 1 gives the average percentages of weight loss to the

20-gram samples of wheat and the average number of live inseete

preaent at three different moisture levels at the end of eaoh

60 day infestation period. The average total number of live in-

aeots was determined by adding the average number of Increase to

the original 50 adults minus the average number of dead adults.

The average weight loss or extent cf damage by T. confusum .

confined to 20-gram samples of Vheat with a moisture content of

10.2 percent, at the end of 60 days was 1.2 percent and the aver-

age total number of live insects SO. At the end of 120 daya thla

figure was 1*7 weight loss and no live insects. The insects had

died during the aeeond Infestation period (between 60 and 120

days). The average weight loss to the 20-gram samples of wheat,

infested with T. caataneum . at the end of 60 days waa 0.9 percent

with no live insects present as they had died during the first

60 days.



Table 1* The extent of damage or weight loss and the extent of
development of the Insect populations In wheat of dif-
ferent moisture contents for T. confusum and T. cas-
taneum at the end of eaeh infestation period,""

% 10.2fe moist, oont. t 12.2> moist, cont. t 14.2ft moist, cont.

Days s Percent : Total s Percent : Total i Percent : Total
» damage t Insects 8 damage t insects : damage t Insects

60 1.2

120 1.7

180 —

60 0.9

120 -

180 «»

20

confusum

2.1

6.2

8,7

castaneum

1.3

1.7

2,1

72

84

102

15

18

24

3.5

8.8

10.8

2.4

3.0

3.7

134

154

55

56

53

In the wheat with a moisture content of 12.2 percent the

average weight loss for T. confusum was 2.1 percent at the end of

60 days with an average total number of 72 live insects. At the

end of 120 days 6.2 percent weight loss occurred with an average

of 84 live insects per 20-gram wheat sample. 3y the end of 180

days there was an average of 8.7 percent damage to the Wheat with

an average population of 102 Insects. For T. oastaneum In wheat

of the same moisture level the weight loss to 20-gram samples of

wheat at the end of 60 days was 1.3 percent and the average else

of the population in these samples was 15 Insects. By the end of

120 days the average weight loss was 1.7 percent with an average
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population of 10 and at the and of 180 days 2.1 percent weight

loss and 24 Insect e.

In the 14*2 percent wheat t Infested with T. confusum . the

average extent of damage by the end of 60 days was 3.3 percent

and the average total number of live insects 92* By the end of

120 days these figures were 8.3 percent damage and 134 insects.

At the end of 180 days the average weight loss was 10.8 percent

and the average population still 134. It is believed that at

the end of 120 days T. confusum had reached a population equilib-

rium with their amount of food medium or living space and had

destroyed their young to prevent over-crowding, thus causing less

damage to the grain by living on their young and keeping the

population stable. Damage caused by T. castension to 20-gram sam-

ples of wheat with a moisture content of 14*2 percent averaged

2.4 percent at the end of 60 days with an average Insect popula-

tion of 65. The damage at the end of 120 days was 3 percent and

the average total number of Inseots 56. By the end of 190 daya

in 14*2 percent wheat these figures were 3.7 percent damage with

an average population of 53. Trlbollum castaneum kept approxi-

mately the same else populations during the 180 day period which

Is believed to have been due to the rate of adult mortality.


