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PREFACE

Several arfificial diets for rearing insects have entered the
entomological pieture in the past several years., Very little is known,
however, about the effects that would result from rearing insects on
these synthetic media,

After conferring with Dr. Harvey L. Chada, aznd other staff mem-
bers of the Entomology Department, it was decided that information
should be obtained on the development of mass rearing techniques of
some lepidopterous sorghum insects, snd a comparison made of their
biclogy on natural and artificial diets,

Deep appreciation is extended to Professors Chada and G, F.
Henderson, Entomology Research Division, United States Department of
Agriculture, for meking this study possible, and the excellent advice
received from them throughout the study and during the preparation of
this manuscript. I wish, also, to express my gratitude to Professors
D, E, Howell, Head, Department of Entomclogy, R. R. Walton, Department
of Entomelogy, and Dale E. Welibel, Department of Agronomy, for theif'
valuable critiecism of the manuseript. Monstary sesistance was provided
by the Entomology Research Division, United States Department of Agri-
culture, and by the Entomclogy Department, Oklshoma State University.

Apprecistion is also extended to my wife, Sheron, for her encour—
agement throughout the study and the help received from her during the
preparaticn of the thesis, and te¢ my sisters Nancy and Lois Bailey for
their assistance in proofresading the final manuseript.
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INTRODUCTION

A great deal of effort has been exerted in the last few years in
breeding crops that are resistant to insects. Due to the low incidence
of insect populations during some years, and the fact that this type of
work can only be done during the summer months in the field, consider-
able research along this line is carried on in the greenhouse under
controlled conditions. Consequently, it is necessary to maintain cul-
tures of test insects so the work can be carried on throughout the year.

An artificial diet for rearing phytophagcus insects is very advan-
tageous. One advantage is the reduced labor and space requirement,
since there is no need to grow food plants in a greenhouse for a con-
stant food supply. Also, the artificial diet does not need to be re-
placed at frequent intervals, as does fresh plant material, due to
spoilage. Another advantage is the lesser incidence of undesirable
insect pathogens which may be more readily introduced by the use of
natural food., Still another important advantage of using ertificial
diets is that they can be important tools in studying the nutritional
requirements of certain insects, since each constituent of the diet may
be defined. Data in this regerd could enable the plant breeder .tc breed
plants lacking in one or more of the necessary requirements of certain
insect species.

Although several artificial diets have been developed for rearing

phytophagous insects, there is very little information comparing the

1



bioclogy of insects reared on artificial diets and on natural food. This
study was conducted to determine if there were significant differences

in the biology of three species of lepidopterous insects that attack
grain sorghums when reared on an artificial diet as compared with sor-
ghum as food, and to develop a satisfactory method for laboratory rear-
ing. The test species used were the corn earworm, Heliothis zea (Boddie),
the fall armyworm, Laphygma frugiperda (J. E, Smith), and the south-
western corn borer, Zeadiatrsea grandiosella (Dyar).

The detailed study of the three species included (1) the most de-
sirable artificial diet for beth larvae and adults, (2) the number of
larvae that could be reared per container, (3) growth rate, (4) mortal-
ity rate, (5) duration of each life stage, (6) reproductive potential
of insects reared on the diets, (7) the effects of changing the larval
diet at various stages in the larval cycle, and (8) the number of gener-
ations that could be reared.

Preliminary tests with artificial diets and sorghum were also con-
ducted on two other lepidopterous species, the tobacco budworm, Heliothis
virescens (F.), and the sorghum webworm, Celema sorgh;ella (Riley). Due

to the difficulty in the taxonomic separation of Heliothis virescens and

Heliothis zea larvae, it was believed that the possibility existed that

H. virescens may attack grain scrghums, and could be mistaken for H. zea
in the field. A study was conducted in the gresnhouse to determine if
H. viresceng would become established on sorghum in a test in which H,
zea was used as a check.

Field-collected, late-instar larwase of the sorghum webworm fed on

an artificial diet, completed pupation, and emerged as adults, but they

failed to oviposit in the laboratory. Because cf this failure to



repreduce, it was not feasible tc conduct a comparative study of this
insect species.

Because the corn earworm, fall armyworm, and southwestern corn
borer are destructive pests of sorghum, the development of varieties,
lines, and hybrids having resistance to these pests appears to be the
best approach to control and reduction of crop losses. Since sorghums
are relatively low value-per-acre crops, insect control with chemicals
is not always practical because of the costs of such control practices.
Also, sorghum seed and forage are used as food for humans and domestic
animals, and toxic residues following the use of chemicals for insect
control might be harmful.

Therefore, the research data resulting from the experiments de-

. seribed herein are deemed of importance in the development of a sorghum
insect resistance studies program. Results of this research should pro-
vide techniques for rearing several lepidopterous larvae in mass numbers
for use in screening sorghum varieties, lines, and hybrids for insect
resistant germ plasm, which is not now available. Plant breeders pro-
vided with such resistant germ plasm, could then make crosses which

could result in the development of insect resistant hybrids.



REVIEW OF LITERATURE

Rearing insects on plant material

Entomologists have been rearing phytophagous insects for one kind
of study or another for many years. The early methcds of rearing em-
ployed living plants or freshly-cut plant material as food.

Ellisor (1935) reared corn earworms during the winter on corn and
rape in a greenhouse. Barber (1936 a) describes a method for rearing
corn earworm larvee., He removed young ears of corn from the plants,
hung them in a screen cage, and infested each ear with one or two newly-
hatched larvee. The larvae developed as well on the cut ears as they
did in the field, This method required a great deal of labor, was
quite expensive, and the number of insects that could be reared was
limited. Callahan (1956, 1962) used metal "egg-crate" type rearing
trays containing small secticns of corn ears as the larval food. A
greater number of larvae could be reared by this method than could be
reared using whole ears of corn., Hensley (1960) used greenhouse-grown
corn to rear larvae of three species of the Diatraea complex in the lab-
oratory. McEwen and Hervey (1960) develcped a method for mass rearing
the cabbage lcoper, Trichoplusia ni (Hen.), in the laboratory using

broccoli foliage es food,

Development of artificial diets

More knowledge of the nutritional requirements of phytophagous

insects led to the development of artificial diets. Trager (1947),



Friend (1958), and House (1961) give very good summsries of those re-
quirements. The first artificial food for rearing larvae of a phytoph-

agous insect was developed by Bottger (1942) for the European corn

borer, Ostrinia nubilalis (Hbn.) (formerly Pyrausta nubilalis (Hbn.)).

After conducting preliminary tests (Bottger, 1940) and reviewing the
literature on the chemical constituents of corn, Bottger (1942) formul-
ated 20 diets containing varying amounts of different materials known
to contain these constituents, and various carriers for them, The best
results were obtained by using casein as a protein source, glucose and
sucrose for the carbohydrate requirements, corn oil for fat, inorganic
salts to buffer the pH, agar as a carrier, and vitamins A, B,, and E.
Although this was a major development in the field of entomology, the
diet needed to be improved, since only 36% of the larvae started on the
diet were able to survive to maturity. These reaching maturity appeared
to be normal, but no eggs were deposited by the female moths. This was
believed to be due to the small number of adults cbtained and the lack
of synchronization of adult emergence, which prevented mating.

Beck et al. (1949) develcped & semi-synthetic larval diet for the
European corn borer which resulted in a higher survival rate. The only
plant material it contained was dry powdered corn leaves. Other con-
stituents were glucose, casein, cholestercl, corn oil, Wesson's salts,
yeast powder, choline, agar, and celliulose. They reported thﬁt corn
leaves contained an unknown factor essential to larval growth, Later,
studies by Beck and Stauffer (1950) and Beck (1950, 1953) were conducted
to develop an aseptic¢ method for rearing the larvae, to determine the
effects of omitting single constituents from the diet, and to determine

the nature of the corn leaf factor in the diet.



After the successful development of these first diets, diets for
other plant feeding insects were developed by other workers., Beckman
et al. (1953) developed a chemically defined diet for the pink bollworm,
Pectinophora gossypiella (Saund.). The diet contained no plant tissue,
making it possible to determine the chemical constituents quite accur-
ately. Although some of the larvae reached the adult stage and appeared
normal, the mortality rate was high. Vanderzant and Reiser (1956 b)
formulated a purified casein diet for the pink bollworm which resulted
in up to 100% pupation of all larvae started. A wheat germ diet was
developed by Adkisson et al, (1960 a) which promoted normal growth and
development of the pink bollworm. An average of 81.5% of the larvae
placed on the diet became adults.

Five generations of boll weevils, Anthonomus grandis Boh., were
reared in the leboratory on a semi-synthetic diet developed oy Vanderzant
and Davich (1958). Adults would feed on the diet, but would not ovi-
posit unless cotton plant extracts were added. Vanderzant (1959) found
inositol to be the necessary factor in the boll weevil diet and she was
able to rear 16 generations when it was added to various diet mixtures,
including the pink bollworm wheat germ medium.

The wheat germ diet develcped for the pink bollworm by Adkisson
et al. (1960 a) was modified by Vanderzant et al. (1962) to rear larvae
of the bollworm, Heliothis zea (Boddie). It was necessary to omit sodium
alginate and add ascorbic acid to the diet for normal development of this
insect. Four generations of the bellworm were reared during the winter,
By adding dry powdered cotten leaves te the bollwerm diet, Ignoffo (1963)
was able to rear large numbers of the cabbage looper, Pan and Leng (1961)

mass-reared the sugsrcane borer, Diatrses saccharalis (F.) on a semi-



synthetic diet containing an acetone extract from corn plants.

There have been several phytcphagous insects successfully reared
_on artificial media since such diets were initiated. George et al. (1960),
who reared several lepidopterous corn insects on one diet, stated that
"modifications in the physi&al consistency of the medium or addition of
attractants may make it possible to rear a number of different species

on essentially the same medium".

Requirements and problems in insect rearing

The primary requirement for rearing insects successfully is pro-
viding them with a diet that satisfies their nutritive requirements and
is of a congistency that initiates feeding., Essential nutritive re-
quirements can be incorporated into the diet by adding purified chem-
jcals which are found in the host plant. Beck et al. (1949), Vanderzant
(1959), and Ignoffo (1963) supplimented artificisl diets with plant ex-
tracts or dried plant parts to promote ncrmal growth or reproduction.
The correct consistency of the medium can be ccntrelied by adding varying
amounts of a carrier such as agar,

Quaintance and Brues (1905) reported that cotton bollworm moths
did not begin to oviposit until they had fed. ILukefahr and Griffin
(1956) stated that food containing sugars induced pink bollworm moths
to lay about twice as many eggs as those receiving only water. Ellisor
(1935) fed corn earworm moths on a 10% sucrose solution, and Callahan
(1962) fed them a 10% honey solution. Both methods previded good re-
sults, Shorey (1963) said that fecundity of adult cabbage loopers was
directly related to the concentration of their food,

Several environmental factors such as light, temperature, and



humidity are importent in insect rearing. Some diffused light is nec-
essary for activity of corn earworm mcths, but it should be at low in-
tensity of one foot candle or below (Callahan, 1956, 1958, 1962),
Callahan (1962) reported 73 to 80 F as the optimum temperature for rear-
ing corn earvorms. McEwen and Hervey (1960) found the optimum temper-
ature for rearing cabbage lcopers tec be 73 to 77 F. Vanderzant and
Reiser (1956 a) reared pink bollworms at 84 F, Maximum numbers of eggs
are deposited by corn earworm moths when the relative humidity is around
90% (Callahan, 1962). Ditman et al. (1940) stated that weight loss of
corn earworm pupse depends on humidity, ranging from 1.6% loss at 100%
to 18.6% loss at 0% relative humidity.

A surface for oviposition is necessary when reering multiple gen-
erations of insects in the laboratory. Hensley (1960) used a smooth-
surface waxed paper as an oviposition surface for three species of the
Diatraea complex., Callahan (1956) said that a villous surface was nec-
essary for oviposition by the corn earworm. He used cloth for both egg
deposition and for adults to ¢ling to after emergence, thus allowing for
wing expansion. Ignoffo (1963) provided paper toweling on which the
cabbage looper moths depcsited eggs. The rough surface of the towsl
presented small depressions in which ths eggs were placed. The boll
weevel oviposited directly on an artificial diet when plant extracis or
pollen were added (Vanderzant and Davich, 1961), The females preferred
a curved, rather than a flat, surface for cviposition. Callahan (1957)
stated that the oviposition surface for insects should resemble closely
the surface of the host where the eggs are deposited. He reported more
eggs deposited by corn earworm moths on a villcus cleth surface than on

corn plants when both were in the same cage.



Isclation into separate rearing cells becomes necessery when rear-
ing cannibalistic species. Barber (1936 b) seid that only a single
larva of the corn earworm usually survives in one ear due to cannibal-
ism. In fact, he reared individuals cf that species from all larval
instars to the adult stage with no cther food than other earworm larvae.
Late instars, however, were more cannibalistic than the early ones. He
reporﬁed that from 65 to 88% of crowded larvae survived to the third
instar. Vanderzaent et al. (1956) found pink bollworms to be extremely
cannibalistic when reared together. Beck and Stauffer (1950) reared 10
to 15 Eurcpean corn borer larvae per 125 ml Erlemmeyer flask with very
1ittle cannibalism. Pan and Long (1961) reared 10 sugarcane borer lar-
vae per 250 ml Erlemmeyer flask with no cannibalism reported.

McEwen and Hervey {1960) said that strict sanitation is necessary
for rearing cabbage loopers to prevent cutbreaks of polyhedral wvirus.
If completely aseptic proceedures are not practiced in rearing insects
on artificial diets, several fﬁngﬁs and yeast organisms will grow on
the medium. If equipment and laberatory facilities are of a nature that
sterilization and éanitation are not possible, mold apd yeast inhibit-
ors can be incorporated intc the medium., Vanderzant et al. (1962)
reared four generations of bellworms aseptically without édding inhib~
itors for microorganisms. They alsc reared them under non-aseptic con-
ditions by adding para hydroxybenzoate as a mold irhibitor. Ignoffo
(1963) used methyl para hydroxybenzoate to inhibit growth of mold, and
aureomyein to inhibit yeast growth on the larval medivm when rearing
cabbage loopers.,

Air circuletion within the rearing chember is very important,

Mathes (1936) steted that too little air cireulatiom resulted in mors
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favorable conditions for mold growth and greater decomposition, while
too much air caused excessive drying of the food. Vanderzant et al.
(1962) reported that too much moisture condensed in rearing viaels with
screw caps due to lack of air circulation within the vials. They used
cotton plugs to stopper the vials., Ignoffo (1963) fastened bolting
cloth over the larval rearing jars to allow proper air circulation, yet

prevent the larvae from escaping.

Comparison of insects reared on natural and artificial diets

A few of the workers who have reared insects artificially have pre-
gented date comparing the insects'! life cyeles on both natural and syn—
thetic diets. This review pertaiﬁs to literature on individual species
under natufal and artificial conditions. Cordova (1962) found no sig-
nificant difference in the life cycle of the corn earworm when reared
on corn and an artificial diet. He rearsed four consecutive generations
of this species on each diet before the study was terminated. The in-
sects required about 32 days from egg to egg on both diets. No spprec-
iable differences were noted in the body weights and measurements of
individuals from the twe populaticns.

Adkisson et al. (1960 b) stated that grgwth and development of the
pink bollworm reared on an artificial diet approximated that reported
for the insect in the field. They reported thet pupas from the diet were
slightly smaller than those collected from cotton bolls, but female
moths reered from the diet laid more eggs then field collected moths
(Adkisson et al.,, 1960 a). This may have been due to the possibility
that moths in the field deposited part of their eggs before they wers

captured. Adkisson (1961) found that pink bollworm moths reared on =&
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1% cottonseed meal diet laid more eggs than those rearsd on wheat germ
diet, 5% cottonseed meal diet, cotton squeres, or cotton bolls., George
et al. (1960) found the corn earworm sble to complete the larval cycle
in 15,5 days when reared on the Eurcpean corn borer diet developed by
Beck et al. (192._9)y after completing the first instar on corn silk.
Vanderzant et al., (19562) reported 12 days in the larval cycle of the
corn earworm resred on a wheat germ medium, but Cordove (1962) stated
it took 17.4 and 16.5 days,; respectively, when reared on wheat germ
medivm and corn.

Pan snd Long (1961) found that sugzsrcane tops were slightly super~
jor to an ertificisl diet in rearing the sugarcane borer., Mortality was
4L0% on the natural diet as compared with 60% on the artificial medium.
Larval welights were alsoc slightly greater when reared on natural food,
Bach larva reguired approximately 7.5 g of the srtificial diet or 10 g
of the sugarcane tops to complete development, and larvae began to
pupate between 23 and 28 days after being placed on the respective
diets. Hensley (1960) found that an average of 25.2 days was required
for the sugarcane borer to complete the larval cycle when reared on
sections of corn plants in the laboratory.

An average of 9.2 days was required for the cabbage looper to com-
plete the larval stage when reared on an artificial diet, according to
Ignoffo (1963), McEwen and Hervey (1960) reported that 9 to 11 days
were needed for completion of the lafval stapge when the loopers were fed
broccoli foliage in the laboratory. The broccoli-reasred lcopers had
slightly greater head capsule measurements than those reared on the art-
ificial medium, except for the first instar, but pupal weights were

greater for those reared on the artificial diet.
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Lukefahr and Martin (1964) reported that female bollworm moths
reared on an artificial medium and fed a 50% sucrose solution deposited
an average of 934 eggs. When corn and cotton squares were used as the
larval diet, and sucrose was fed as the adult diet, the moths laid an
average of 429 and 465 eggs, respectively. Moths reared from the art-
ificial diet and fed the sucrose solution laid more vieble eggs and
lived longer than those reared from corn or cotton squares and fed on
either sucroée or water alone. Sucrose-fed adults of the tobacco bud-

worm, Heliothis virescens (F.), and the cotton leafworm, Alsbama

argillaces (Hbn,), leid more eggs then those fed only water. Cordova
(1962) reported the average pupal weights for corn earworms reared on
an artifieial diet to be 585.6 mg, and on corn, 595.5 mg. Lukefahr and
Martin (1964) found that pupae of bollworms (corm earworms) reared on

artificial diet or corn averaged less than 500 mg.

Numbers of generations reared artificially

Lzboratory-reared cabbage loopers fed broeccoli (McEwen and Hervey,
1960) were produced at the rate of 13 generations per year. Ignoffo
(1963) reared six generations of the looper on an artificisl diet before
publishing his data, but if more generations had been possible at the
rate of 23 days each (as reported for the six generations)p almost 16
generations could have been precduced per year. Venderzant and Davich
(1958) reared five generations of boll weevils on an artificial diet.
The next year Vanderzant (1959) reared 16 generations of this same
species. Vanderzant and Reiser (1956 a) produced thrse generations of
‘the pink bollworm artificially and stated that many more probably could

have been possible.
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Cordova (1962) and Vanderzant et al., (1962) reared four consec=—
utive generations of the corn earworm (cotton bollworm) on an artificial
diet, Callahan (1962) stateds "...not more than five successive gen-
erations of the corn earworm may be produced by using harvested food
under lsboratory conditions. A larger number of successive generations
can be reared only on living plants." He alsc saids "It is apparent
that the main difficulties in rearing the corn earworm‘involve its wn-
predicteble mating habits in the laboratory." ﬁowever, Ellisor (1935)
reported that second generstion corn earworm moths reared on living
plants in a greenhouse were weak and their eggs infertile., Even though
problems are involved in rearing inseects artificially, Dougherty (1959)
said that insects are the only invertebrate metazoa that have been rear-

ed axenically (purely) on chemically defined diets.



METHODS AND MATERIALS

A test with tobaeco budworm

Establishment and development on grain sorghum

RS 610 hybrid grain sorghum was plented in the greenhouse for this
test. When the plants were in the esrly whorl stage, 5, 10, or 20 first
instar larvae of the tobacco budworm were placed on each of ten plants.
No sign of establishment of the larvae could be observed by daily
cheeks. Further sttempts were made to infest the plants at the same
rate in the late whorl stage end when they began to head. No estab-
lTishment was observed in either attempt.

In order to eliminate the possibility of other factors being in-
volved in the failure of larvae to become established on the plants,
another test as a check was conducted ineluding the corn earworm, st
the same infestation rates. The same plants were used as were prev-
iously, and at the time of infestation the heads were in the early milk
stage.

Lt the end of six days all larvae of both species on infested heads
were counted. At the end of 12 days all the larvae were removed from
the heads and isolated individually with a smzll piece of sorghum head
in 3 1/2-0z ice cresm cups. Records were taken on the infestation rate,

number of larvae living after 6 and 12 dsys, and the number that pupated.

14
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Tests with corn earworm, fall armyworm,

and southwestern corn borer

Extensive rearing tests were conducted in the laboratory with the
corn earworm, fall armyworm, and southwestern corn borer on an artif-
icial diet, and on grain sorghum as a natural diet. All the work was
done in an insectary room 12 by 14 £t during the September 1962-April
196/, period. A relatively constant temperature of 20 F was maintained
throughout the year by means of a thermostatically controlled refri-
gerated window aircorditioner during warm weather and by furnace hest
supplemented by a thermostatically controlled electric heater during

cold weather, During the day the lighting in the room was by four 40-

At night diffused light was provided by means of a 60-watt incandescent
bulb in a lamp placed on the floor under a teble and directed toward
the wall, The relative humidity in the rearing room was uncontrolled,
but it seemed to be satisfactory for rearing all stages of the insects

involved.

Tegt with various diets

Before extensive tests could be initiated on rearing the insects
in the laboratory, a suitable larval medium had to be adopted for each
of the species involved., An ideal diet would be one that would suffice
in rearing all three species. This would eliminate the problem of main-
taining more than one diet for the larvae.

In reviewing the literature it was found that a wheat germ medium
had been successfully used in rearing the corn earworm. Another diet,

containing dry powdered corn leaves, had been used in rearing the
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European corn borer, These two artificial diets, and two which were
slight modifications of the wheat germ diet, were tested on the corn
earworm, fall armyworm, and southwestern corn borer. The constituents
of the four diets were as follows:

Diet Number 1 (Wheat germ diet)

Agar 0 g
Casein 126 g
Sucrose : ; 126 ¢
Wesson's salts 36 g
Alphacel 18 g
Wheat germ 108 ¢
Ascorbic acid 15 g
Methyl para hydroxybenzoate

(15% solution W/V in ethyl alcohol) 36 ml
Formaldehyde

(0.1 g/ml in water) 18 ml
Choline chloride ,

(0.1 g/ml in water) 36 ml
Potassium hydroxide

(4 M) 18 ml
Vitamin stock solution 6 ml
Vitamin E and corn oil

(1 m1 alpha tocopherol in 99 ml corn oil) 10 ml
Water 3100 ml

Diet Number 2 (Corn meal diet)

This diet was the seme as number 1, except 108 g of corn meal
were substituted for 108 g of wheat germ.

Diet Number 3 (Powdered corn leaf diet)

This diet was the same as number 1, except 108 g of dry pow-
dered corn leaves were substituted for 108 g of wheat germ.

Diet Number 4 (European corn borer diet)

N
~2

Agar

Glucose

Casein
Cholesterol
Wesson's salts
Brewer's yeast
Corn leaf powder
Corn tassel powder
Choline chloride
Cellulose

G oW N 00w
R MR 0] 0] 0g 0o OQ 09 0% 0%

2 N N \W
\oOQthu\%m
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Mold inhibitor ,
(170 ml 95% alcohol, 15 g methyl hydroxy-

benzoate, 20 g sorbic acid) 20,0 ml1
Vitamin E and coern oil

(1 m1 alpha tocopherol in 99 ml corn oil) 1.8 ml
Water 1050,0 ml

Newly-hatched larvae of the corn earworm, fall armyworm, and south-
western corn borer were placed individually in 3 1/2-0z ice eream cups
with a small amount of one of the four diets. Three hundred larvse of
each species were fed on each diet, and the diet was replaced at weekly
intervals to provide a fresh food supply. The number of days required
for completion of the larval stage and the rate of pupetion on the var-

jous diets were recorded for each species,

After a suitable diet was adopted, a2 test was conducted to deter-
mine if several larvae could be reared in one chamber without extensive
cannibalism, This procedure would greatly reduce the labor and cost of
materials. One-half pint ice cream cartons were used as rearing cham-
bers. The cartons were infested at the rates of 10, 20, 30, 40, and 50
newly-hatched larvae, with #en replications for each infestation level
for each species, The diet was replaced at weekly intervals to provide
fresh food. A record wess kept on the number of larvae pupating in each
carton, The data were analyzed as a randomized block experiment foli-

lowing the preccedures outlined by Steel and Terrie (1960),

Adult food test

Corn earworm and fall armyworm adults feed, but the southwestern
corn borer moths do not. A test was conducted to determine the most
satisfactory adult diet for the corn earworm and fall armyworm to insure

maximum egg production.
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After pupation the pupae were sexed and placed on wet cotton inside
3 1/2-0z ice cream cups. These cups were placed inside separate ovipos-
ition ceges constructed of 1/4~in. hardware cloth forming a cylinder
nine inches high and seven inches in diameter. The cages hed a top and
bottom mede of 1/8~in, hardware cloth, the top being constructed for
opering to gain entry to the vage. Paper toweling was taped sround the
outside of the cage as a surface for corn sarworm moth ovipositionp and
since fall armyworm moths prefer to oviposit on smooth surfaces, heavy-
duty waxed paper was used for them.

The moths were fed by means of glass shell vials containing various
solutions, stoppered with a small piece of sponge, These vials were in-
verted through holes in the tops of the cages. The sponge absorbed the
solution and kept & constant food supply available to the moths,

The treatments in the adult food test were: no food, 10% sucrose,
50% sucrose, 10% honey, and 50% honey solutions, Ten male and ten female
pupae were placed in each cage, and each treatment was replicated three
times. After moths emerged and oviposition began, the oviposition sur-
face was replaced daily and the number of eggs recorded. Egg counts
were made by gridding the oviposition surface, before placing it on the
cage, and using a dissecting microscope to count the eggs in each sec-
tion. The data were analyzed as a randomized block design, according

to the methods described by Steel and Torrie (1960j.

Oviposition test

In order to determine the number of insects that should be reared
in order to provide a given number of eggs for varicus tests, it was

necessary to conduct an oviposition study on each species. A test was
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set up using oviposition cages as described previously. Heavy-duty
waxed paper was used as an oviposition surface for the fall armyworm
and southwestern corn borer, and paper toweling was used for the corn
earworm,

Ten male and ten female moths of each species were placed in a
cage and four replications were used, The corn earworm and fall army-
worm moths were fed a 50% solution of sucrose in distilled water. After
oviposition began, the oviposition surface wss replaced daily and the
number of eggs laid per day was recorded. A standard deviation test
was conducted on the data, following the procedures by Steel and

Torrie (1960).

Head capsule measurement study

A test was conducted to determine if any overlap occurred in the
head capsule measurements of different larval instars of each species
reared on the artificial diet and on grain sorghum. The head capsules
of 20 newly-hatched lsrvae were measured and recorded in each test, To
obtain a more accurate measurement it was necessary to kill the larvae
by cutting them transversely at the prothorax. "Brood mates™ of the
first instar corn earworm and fall armyworm 1arvée were placed in 3 1/2-
oz ice cream cups and the southwestern corn borer larvse in 1 by 3 3//~
in. glass shell vials, half of them on ertificial medium and the other
half on grain sorghﬁm parts. Small branches of sorghum heads were fed
to the corn earworm, and succulent pieces of the whorl were provided
for the fall armyworm and southwestern corn borer. The natural food was
changed at two-day intervals to prevent spoilage. Although it would

have been unnecessary to change the artificisl diet so often, it was
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also replaced at two-day intervals to make the test uniform. After
each larval molt, 20 more larvee from eech diet were killed and the
head capsule measured end recorded. Only those larvae whose cast skins
could be found in the containers were used, This procedure was followed
throughout all six instars of each species, The procedures outlined by
Steel and Torrie (1960) were used to conduct a standard deviation test

on the data.

Comparison of life cycle on sorghum and artificial medium

In order to determine if the 1life cycle of those insects reared on
the artificial diet was similar to those reared on grain sorghum, it
was necessary to conduct a detailed study on larval development, duration
~of each life stage, and adult fecundity on the two diets. Twenty-five
newly-hatched larvae of the corn earworm and of the fall armyworm were
ﬁeighed and isolated on each diet in separate cells of polyethylene
ice cube trays. Each tray had 1/ cells with dimensions of 1 3/ by
1 1/4 by 1 in, deep. The trays were covered with 1/4~in. plywood cut
to the size of the tray, The plywcod had a 1/2-in, layer of sbsorbant
cotton covered with unbleached cotton muslin stapled to it to allow air
ecirculation within the cells, yet keep the larvae confined. The covers
were held tightly in place by large rubber bands. The same number of
southwestern corn borer larvae were confined in 1 by 3 3/4~in, glass
shell vials, stoppered with cotton plugs.

The natural diet of the corn earworms consisted of small branches
of newly-emerged sorghum heads, and that of the fall srmyworms and
scuthwestern corn borers, succulent pieces of sorghum whorls. The

wheat germ diet described previously was fed to the other test larvee.
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Larval weights were recorded each day. Instars were determined by the
size of the head capsule and recorded at the time of weighing. With
some experience it was quite easy to determine the larval instar with-
out magnification, After all larvae were weighed and the instar deter-
mined, the& were placed in clean reasring chambers containing fresh food,

Upon pupation the pupae were weighed and sexed. Pupsl weights
were recorded each day until emergencs to determine weight changes dur-
ing the pupsl stage. After emergence, the sdults were welghed, and ten
males and ten females placed in oviposition cages. The total number of
eggs laid in each cage was divided by the number of female moths (10)
to determine the average number of eggs laid per female.

The test was analyzed as a paired experiment, as outlined by Steel
and Torrie (1960), using pupal weights on the day of pupation as the

eriterion for comparison,

The effect of diet change

It was considered important to know what effect a change in the
diet at various intervals during the larval stage would have on the
growth and development of the insect. The criterion for this determin-
ation was the length of the larval cycle and the weight of the pupae at
the time of pupation as a result of the different treatments. The test
conducted on the corn earworm and fall armywerm employed 250 larvae of
each species divided into ten treatments of 25 larvae each, The teﬁ
treatments were further divided into two groups of five treatments each.
One group of larvae was isolated in individual cells of polyethylene
ice cube trays with artificial medium as the initial food. The other

group was isolated in similar trays with sorghum as the initial food.,
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The food was changed at three-day intervals, and the alternate diet was
sﬁbstitujed for the initial diet as the treatment called for it. The
test on the southwestern corn borer was conducted in essentially the
seme manner in 1 by 3 3/4-in. glass shell viélsa However, due to the
longer larval cyecle of the southwestern corn borer, it was necessary to
add an sdditional treatment of 25 larvse to sach of the two groups.

The treestments for the test are outlined below,

Group 1
Davs fed ons:
Initial diet (Sorghum). . Alternate diet (Artificial)
a) Entire larvsl stage w
b) 3 Remainder
c) 6 Remeinder
a) 9 Remainder
e) 12 Remeinder
) 15% Remeinder
Group 2
Days fed ons
Initiel diet (Artificial) Alternate diet (Sorghum)
a) Entire larval stage -
b) 3 Remainder
c) 6 Remainder
d) 9 Remainder
e) 12 Remainder
£) 15% Remeinder

¥ Involved only in the test with the southwestern corn
borer.

Ten additional larvae, not involved in the tast, were maintained
on each of the treatments and substituted into the test at random in the
event of death of one of the ftest larvae., On the day of pupation, each
pupa was weighed and the duration of the larval stage was recorded.
A standard deviation test, as descrived by Steel and Torrie (1960),

was conducted on the data,
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Mass rearing

Great care had to be taken when handling individual newly-hatched
larvae of the test species in order to prevent injury., Cautious hand-
ling was very time consuming, thus a more practical approach needed to
be worked out. A previous test described under "test on number of lar-
vae per rearing carton" showed that it was practical to rear several
gsouthwestern corn borer larvse per container, because they are not
cannibalistic, thus individuel handling was not necessary. The corn
earworm and fall armyworm, on the other hand, are cannibalistic and must
be isolated., As stated in the literature review, the corn earworm is
not very cannibalistic during the first three instars, and can be reared
in crowded conditions with little mortality. The same situation was
suspected for the fall armyworm.

A test was conducted to determine the optimam number of larvse
that could be successfully reared in one container through the first
week of the larval cycle. Plastic sandwich trays, 4.5 by 4.5 by 1.5 in,
deep, were used for rearing chambers. A square hole was cut in each
1id and a piece of unbleached cotton muslin glued in place over the
hole to allow air circulation within the tray. The trays were approx-
imately half filled with ligquid diet medium which was allowed to stand
overnight to harden,

The treatments in the test consisted of five different infestation
rates per tray. They were 100, 200, 300, 400, and 500 larvae per tray,
and each treatment was replicated six times. The larvae were obtained
from four oviposition cages for each species, eazch containing a large
colony of moths. The eggs were allowed to hatch on the oviposition

surface, The larvae, upcn hatching, suspended themselves from the
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oviposition surface by a fine thread, and the large numbers so hanging
provided an ample supﬁly for test purposes. A camel's hair brush was
used to transfer the larvae to the rearing trays. The brush was insert-
ed just below the oviposition surface, and upon contact with the thread,
the suspended larvae were transferred to the brush. Several larvae
could be picked up at the same time by this method and easily counted
while hanging from the brush. They were then placed in the reering
trays, at the various rates of infestation, without being touched. At
the end of seven days the number of lervae still alive in each tray was
recorded, The date were analyzed as a randomized block design as de-
seribed by Steel and Torrie (1960),

The larvae that were still alive in the six replicstes of the 100~
larvee-per-carton treatment were then isclated in individual cells of
polyethylene ice cube trays for the remainder of the larval cycle., The

number pupating in each replicate was then recorded.

Generation study

A test was initiated at the beginning of this study to determine
the number of consecutive generations of each species that could be
maintained in the laboratory on an ertificial diet. Two hundred larvae
from each generation of 211 three species were isolated in individual
rearing chambers, They were used for no other test but the generation
study.

The first two generations of the corn earworm were reared in 3 1/2»
0oz ice cream cups. The next three generaticns were reared in 1 by 3 3/&*
in. glass shell vials. The sixth and all succeeding generations were

reared in cells cf polyethylene ice cube trays.
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The first six generations of the fall armyworm were reared in
3 1/2-0z icé cream cups, the next three in 1 by 3 3/4-in. glass shell
vials, and the remainder in polyethylene ice cube trays.

The southwestern corn borer was reared for three generations in
1lby 3 B/A—ino glass shell vials, Ice cream cups were used for the
fourth generation. The vials were again used to rear the fifth and
sixth generations. Polyethylene ice cube trays were used for the
seventh, and plastic sandwich boxes, 4.5 by 4.5 Ey 1.5 in, deep, were
used for the eighth and succeeding generatioms.

Information recorded for the generation study was: the number of
the generstion, number of larvae started, percent survival, average

number of days in the larval stage, and type of rearing chamber.



A TEST WITH TCBACCO BUDWORM

Establishment and develcpment on grain sorghum

Results and discussion

Data showing the results of the tobacco budworm test are presented

in Table 1. Observations at 6- and 12-day intervals showed that the

Table 1, Survival of tobacco budworm and corn esrworm larvae on
grain sorghum heads in the early milk stage.

Infestation No, No. Vo, living after Pupation
rate plants larvee 6 days 12 days Number Percent
5/plant
Budworm 10 50 0 0 0 0
Earwornm 10 50 26 12 12 24,
10/plant
Budworm 10 100 0 0 0 0
Earworm 10 100 63 19 14 14
20/plant
Budworm 10 200 0 0 0 0
Earworm 10 200 100 26 20 10

tobacco budworm had not esteblished itself on the sorghum heads, but the
corn earworm, which was used as a check, had definitely become estab-
lished, Twenty-four, 14, and 10% of the corn earworm larvae survived to
pupation et the 5-, 10-, snd 20-~larvae-per-=plant infestation rates,
respectively.

26
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Although Heliothis virescens is closely related to Heliothis zea,

and both species cen develop on certain species of plants, this test
shows that H. virescens could not survive on grain sorghum plants of

the variety used.



TESTS WITH CORN EARWORM
Test on various diets

Results
The wheat germ diet was far superior to the other three diets for
rearing corn earworms, as shown in Table 2, Of the 300 larvase started

Table 2, Effects of various larval diets on corn earworm larval
development and pupation,

Diet No. ____Pupation , No. days in
used larvae Number Percent larval stage
Wheat germ 300 228 76 15,3
Corn meal ‘ 300 63 21 18.8
European corn borer 300 60 20 24.9
Powdered corn leaf 300 31 10 25,0

on the wheat germ diet, 76% survived to pupation and required an average
of 15.3 days to complete the larval cycle. The earworm was able to de-
velop on the other diets, but pupation percentages were greatly reduced,
and it took considerably more time for the larvae to complete the larval
stage, The least desirable diet was the one containing powdered corn

leaves, with pupation reduced to only ten percent, and the length of the
larval period increased to nearly ten days more than was required on the

wheat germ diet,
28
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Discussion

Most of the larval mortality on all four diets occurred during the
first week. The food in each cup was repleced at weekly intervals, and
the cups not conteining living lervese were discerded., Most of the lar-
vae reaching the third inster pupated, as will be demonstrated more
clearly in a later test,

The physical consistency of the four dlets wes very similar,
which indicates that an inebility to feed on the corn meal, powdered
corn leaf, and European corn borer diets was probably not the problem,
since the larvae fed readily on the wheat germ diet. It was more like-

ly that some nutritional factor or factors were lacking in the diets.

Test on number of larvae per rearing carton

Results

The results of the test to determine if several corn earworm lar-
vae could be successfully reared in one contalner are presented in
Figure 1. An average of 1.3 larvae reached the pupal stage in rearing
chambers infested with ten larvae each. Only a small increase in the
number reaching pupation was observed in containers infested with 20;
30, 40, and 50 larvae each, with respective pupation of 1,8, 1.9, 2.1,
and 2.2 pupse per carton. The theoretical mean, based on the 10-larvae-
per-carton infestation, would have been only 6.5 pupae for each group
of 50 larvae started.

The znalysis of variance showed that there were no significant
differences in the number of pupae per carton at the .01 level of

probebility when 10, 20, 30, 40, and 50 larvae were reared per carton,



Average number of pupae per carton
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Number of larvae per carton
Figure 1. Corn earworm pupation as related to numbers

of larvae per carton when reared on artificial {whest germ)
diet,
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Discussion

The results of this test showed thet it was impractical to rear sev-
eral corn earworm larvae throughout the larval cycle in the same contain-
er, Due to the aggressive nature of the larvae, a high degree of cannibe
alism oceurred, This resulted in little more than one or two lervae per
carton reaching the pupal stage, regardless of the infestation rate.
These results indicate that corn earworm larvae should be isolated, at
least during part of their larval cycle, which will be discussed more

fully in a later test.

Adult food test

Regults

Although a few eggs were deposited by moths receiving no food, the
average number per female was only four eggs. The analysis of variance
for the test showed a highly significant difference between treatments.
As shown by Duncan's new multiple range test (Table 3), where moths re~
ceived no food oviposition was significantly reduced, as compared to
all other trestments. Those moths receiving 50% sucrose solution laid

Table 3. The effects of varying adult food concentrations on corn
earworm oviposition (Duncan's new multiple range test).

Adult diet
No  10% 10% 50% 50%
food honey sucrose honey sucrose

Average no., eggs per female 4 406 456 503 545

Those mean numbers not connected by the same line are significantly
different at the .01 level of probability.
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a greater mmber of eggs (545 per female), but that treatment was not
gignificantly different from the 50% honey (503 per female) or 10%
gucrose (456 per female) treatments, However, the meen was significantly
greater than for the 10% honey treatment (406 per female)., No signif- l
icant differences were shown between the 10% honey, 10% sucrose, and

50% honey treatments,

Discugssion

Although the number of eggs laid by moths feeding on 50% sucrose
was not significantly higher than on the 10% sucrose or 50% honey treat-
ments, it was chosen as the adult diet for later tests. The average
number of eggs per female was A2 more than the average on 50% honey,
end 89 more than 10% sucrose. Sucrose was less expensive, and honey
was more difficult to measure and tended to crystalize after extended

storage.
Oviposition test

Results

Data on the daily and accumulative oviposition rates of female
corn eérworm moths are presented in Figure 2. No eggs were debosited
on the first and eighth days of the adult cycle, aﬁd averages of only
two and nine were laid on the second and seventh days, respectively,
Peak egg production was observed on the fourth day after emergence,
when an éverage of 219 per female was laid. Then oviposition declined
toward the end of the adult cycle. By the fifth day after adult

emergence, 90% oviposition was recorded.
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Figure 2, Daily and accumulative oviposition rate per
female corn earworm moth during the adult stage.
Discusgion

Most mating was observed on the first and second night after adult
emeréences but some mating cccurred on the third night. Most of the
eggs were deposited on the paper on the side of the cage that was ex-
posed more directly to the iowwintensity light source provided for the

moths .
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As shown in Figure 2, large numbers of corn earworm eggs were ob-
tained with the type oviposition cage described previously, end it was

used in all subsequent tests with the corn earworm,
Head capsule measurement study

Results

Data comparing the head cepsule measurements of corn earworm
larvae reared on grain sorghum and on an artificiel diet are presented
in Figure 3., Little difference was observed between the average head
capsule width of given instars reared on the two diets. The average
cepsule width and standard deviation is shown above each bar on the

graph for the given instar and larval food.

Discussion

No overlap was observed in the head capsule width of consecutive
instars Qn either diet. The instars could be identified by nsked-eye
observation after some expérience., The growth progression in capsule
width followed essentially a straight line progression when plotted on
semi-logarithmic paper, which supports Dyar's rule (Dyar, 1890) for
head capsule progression of lzpidopterous larvae. On the basis'of
these data, it is evident that the artificisal diet is satisfactory for

growth and development of corn earworm larvae,

Comparison of life cycle on

sorghum and artificial medium

Results

The results of the test comparing the 1ife cycle of the corn earworm
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on grain sorghum and artificial diet is shown in Table 4, Dsta are pre-

sented on the weight gained or lost, maximum weight attained, and the

Table 4. Corn earworm development on natural (grain sorghum) and
artificial (wheat germ) diets.

Aversage weight Average maximum Average days in
Life gained (g) weight (g) 1life stage
stage Nat, Art, Nat. Art, Nat. Art.
Larval
instar
1 .00080 .00082 .00085 .00087 4.0 4.0
2 .00499  .00512 .00584  ,00600 2.3 2.2
3 .01537 .01460 .02121  ,02061 2.0 2.0
4 .05287  ,05399 07408 07460 2.0 2.0
5 21453 oR1423 28860 .28883 2.0 2,0
6 30353 .32395 59214 .61278 3.0 3.1
Pupa -.19595 =,21598 .39619  .39680 10.3 10.2
Adult -.07826 -,07629 .31793  .32051 8.0 8.4
Egg - - .00005% ,00005%% 3.0 3.0
Total - - - - 36.6 36.9

* An average of 627 eggs laid per female with 88% hatch,
** An average of 668 eggs laid per femsale with 87% hatch.
number of days required for completion of each life stage. The larvae
gained steadily until about midway in the sixth instar, then began to
lose weight in preparation for pupation. More weight was gained in
the sixth instar than was gained in the first five instars combined.

The insect lost about as much weight in the change from larva te pupa
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as it gained during the fifth instar. The change from pupa to adult
resulted in even more weight loss. Statisticel analysis as a paired
experiment showed no significant difference in pupal weights, at the
.01 level of probability, when reared on sorghum or artificial medium.

The duration of easch life stage was very similar on both diets,
The larvae réquired 15,3 days on each diet, and the pupae 1003 days on
gorghum and 10,2 days on the artificisl medium. The adults reared from
sorghum lived 8.0 days and those from artificial medium 8.4 days. Eggs
obtained from both groups took 3.0 deys toc hatch., The total number of
days required for completion of the life cycle on sorghum was 36.6
days and for the artificial diet 36.9 days.

Moths reared from sorghum laid an average of 627 eggs per female
with 88% of them hatching. Those females reared from the artificial

diet laid an average of 668 eggs with an 87% hatch.

Discussion

The life cycle of the corn earworm reared on an artificial diet
was found to be very similar to the life cycle of those fed grain sor-
ghum, when both groups were reared in the laboratory. Assuming thet
the insects would react similarly when placed on grain sorghums in the
field or in a greenhouse, larval rearing of the corn earworm on artif-
icial medium in the laboratory would be a satisfactory method of cb-
taining large numbers of this species for various tests on plant res-
istance, chemical control, or sven poussibly insect sterilization

studies.
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Effect of diet change

Results
Data showing the effects of a change of diet from sorghum to art-
ificial medium and from artificisl medium to sorghum st various inter-
vals in the larval cycle are given in Table 5. The pupal weights for
Table 5. The effects of changing the larval food of the corn ear-

worm from natural (sorghum) to artificial (wheat germ), and visa versa,
at various intervals during the larval stage.

Group 1
Days fed on Pupal weight Days in
Nat. Art. (mg) larval stage
A1l - 396 4 2 15.2 + 0.1
3 Remainder 398 + 2 15.2 + 0.1
6 Remainder 397 + 2 15.2 # 0,1
9 Remainder 396 + 2 15,2 + 0.1
12 Remainder o 397 £ 2 15,3+ 0.1
Group 2
. Days fed on
Art, Nat.
A11 - 396 % 2 15.2 + 0.1
3 Remainder 397 £ 2 15.3 # 0.1
6 Remainder 396 + 2 15.4 # 0,1
9 Remainder 397 + 2 15.2 % 0.1
i2 Remainder 396 + 2 15,2 # 0,1




39

all treatments were very similar, ranging from 396 + 2 to 398 + 2 mg,
The length of the larval cycle was also similar for all treatments,

with a renge of 15.2 + 0,1 to 15.4 # 0,1 days.,

Discussion

This test, along with the test comparing the life cycle on the
two diets, indicates that corn earworms can be reared satisfactorily
in the laboratory on artificiel diets for use in conducting wvarious
experiments. Also, the indication that the artificial diet can be
subgtituted for natural food, and visa verga. shows its practicability.
This development makes posgsible the rearing of this inseet for test
purposes throughout the year,

Pupal weights on the day of pupation were chosen as a eriterion
for the comparison, because pupae are easy to handle, weight change
is slight because they do not feed or deficate, and they represent a
definite stage in the life cycle of the insect. These factors made

it possible for a more uniform comparison.
Mass rearing

Results

The survival of corn earworm larvas after seven days on artificial
medivm as affected by numbers per rezring carton is presented in Figure
4. The analysis of variance showed a significant difference among
treatments at the .01 level of probability, The 100~, 200, and 300-
larvae=per-carton infestation levels were sach sigrnificantly different
from all other treatments when anaslyzed by the Duncan's new multiple

range test. The 400~ and 500-larvae-per-carton levels were not sig-
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Figure 4, Survival of corn earworm larvae after seven
days on artificial (wheat germ) diet at various levels of
infestation.

nificantly different, but both were significant from a1l others., In
Figure 4, the mean survival at the 200 infestation level is very near
the thecreticsal mean based on the 100 lsvel of infestation. The means
for the higher levels of infestation drop more and more below the theor-
etical mean, At the 100 infestation level, an average of 88 larvae per

carton was alive after seéven days. The survival rate had dropped to
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slightly more than half the total larvae started at the A00-larvae-
per=carton level, and less than half at the 500 level.
Of those larvese living after one week at the 100-larvae-per-

carton level, and isolated in individual chambers, 97.5% pupated.

Discussion

It is hard to say which infestation level would be most desir-
able in rearing corn earworm larvee in lerge numbers. The mean sur-
vival at the A00 and 500 levels is not snough greater than the 300
level to be practical. A higher percentage survived at the 100=Iarvae
Jevel of infegtation, however, the percentage at the 200 level was
not a great deal smaller,

If space is limited and egg production unlimited, the 300-larvae-—
per=carton level would probebly be most desirable, since the survival
at that infestation level was significantly higher than the 200 level,
On the other hand, if plenty of space is available for rearing chem-
bers, and egg production is somewhat limited, the 200~larvae level may
be more satisfactory.

The lack of significance between the survival rate at the 400~
and 500-larvae levels indicates that a platesu is reached at about
400 larvae per carton. Because of cannibalism, spproximately the same
number of larvae should survive for cne week at any infestation level

shove ADO,

Generation study

The results of the study of consesutive generations of the corn
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earworm on an artificiel diet are presented in Teble 6, This species
was successfully reared through 14 consecutive generations in the lab-
oratory on artificial medium with no apparent loss in vigor or signs
of other detrimental effects. An average of 72.5% of all larvae
started on the artificial diet throughout the study survived through

Table 6. Results of the consecutive generation study of the
corn earworm on artificial (wheat germ) diet.

Number Percent Days in Rearing

Generation started gurvival larval stage chamber
1 200 71.0 17.7 Ice oream cups
2 200 73.0 17.6 Ice cream cups
3 200 78.5 16.1 Shell vials
4 200 745 16,2 Shell vials
5 200 5.0 15.9 Shell vials
6 200 Th.5 15.5 Ice trays
7 200 51.0% 17.0 Ice trays
8 200 46, 5% 16.9 Ice trays
9 200 79.5 15.7 Ice trays
10 200 74,0 15,3 Ice trays
11 200 91.0 15.6 Ice trays
i2 200 77.0 15.2 Ice trays
13 200 5.0 15,5 Iee trays
14 200 76.0 15.8 Tce trays
Average 200 72,5 16.1 -

¥ Txcessive yeast growth on artificial medium in rearing trays.
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pupation. The average duration of the larval cycle was 16.1 days. A
sherp reduction in the percent survival occurred in the seventh and
eighth generations, dropping below 50% in the latter group. A sur-
vival rate of 91.0% occurred in the eleventh generation, which was

the highest throughout the study.

Dlscusglon

Little difference was found in the survival rate and length of
the larval cyecle when the corn earworm was reared in 3 1/2-0z ice
cream cups, glass shell vials, or polyethylene ice trays. The ice
Gresm Gups were uéed to rear two generations,; but were found to be
undesirsble, because the lerval food had to be replaced weekly., Dry-
ing of the medium mede it undesireble for the larvae, The shell vials,

1,

stoppered with.cottong were then used to rear three generations., Ths
medium did not have to be replaced during the larval ey=le, but much
labor was involved in cleaning and sterilizing the vials. Also it was
difficult to remove the pupae from the viels without injury. Poly-
ethylene ice trays were used to rear the reamaining generstions, Ex-
cesgive drying of the medium wes prevented by their use, and they were
easy to clean, Pupae were easily removed from the individual eells of
the trays.

The reduced pupation rate in the seventh and eighth gensrations
was due to excesgive yeast growth on the artificial medium in the
rearing trays. Beginning with the ninth gensratien, 100 g of agar,
instead of 90 g, and 2900 ml of water, rather than 3100 mi, were used
in making the medium, This resuited in a somewhat drisr, more solid,
medium which seemed to be unfavorsble for groewth of yeast crganisms.

The survival reste increased to normal after these medifizstions were mad



TESTS WITH FALL ARMYWORM
Test on various diets

Results

The results of tests to determine the most desirable diet for
rearing fall armyworm larvae in the laboratory are presented in Table
7. Of those larvae fed the wheat germ diet, 84% survived through

Table 7. Effects of various larval diets on fzll armyworm lar-
val development and pupation.

Diet Neo, Pupation No. days in

used larvae Number Percent larval stage
Wheat germ 300 251 84 15.0
Corn meal 300 76 R5 18.2
European corn borer 300 33 11 21,3
Powdered corn leaf 300 6 2 24.1

pupation after spending sn average of 15.0 days in the larval stage.
That was undoubtedly the most satisfsctory diet used, since the next
highest survival rate was 25% on the corn meal diet., Some larvae
were able to develop on the European corn borer and powdered corn
leaf diets, but the survival rates were very low, being 11 and 2%,

respectively. Also, the duration ¢f the larval stage on the corn meal,

hiy



45

European corn borer, and powdered corn leaf diets increased by 3.2,
6.3, and 9.1 days, respectively, over those reared on the wheat germ

diet.

Discussion

Some nutritional factor necessary for fall armywoerm larval de-
velopment seemed to be lacking in the corn meal, European corn borer,
and powdered corn leaf diets. The larvae seemed to feed on the diets,
but most of the mortality occurred during the first week. Several of
the larvae died during the molting process and never completely shed

the skin,
Test on number of larvae per rearing carton

Resultg ‘

Figure 5 shows the results of the test to determine if several
fall srmyworm larvee could be resred in one rearing chamber without
extensive cannibalism., A very low survival rate occurred for all
treatments, ranging from 1.2 larvae in those cartons infested with ten
larvae each to 2.0 in those containing 50 larvae. Even the theoret-
ical mean, based on ten larvae per carton, is low, being only 6.0
larvae for the 50-larvae infestation level.

The analysis of variance for the test showed that there was no
significant difference between any of the treatments at the .01 level

of probability.

Discussion
This test showed that several fall ermyworm larvae should not be

reared in the same rearing chamber throughout the larval cyecle. Low
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Figure 5. Fall armyworm pupation as related to numbers

of larvae per carton when reared on artificial (wheat germ)

diet.

survival occurred due to the cannibalistic habits of the larvae, Ob-

servation of the larvae under crowded conditions showed that they weuld

attack and devour each cther without provocation as if their sole pur-

pose was to obtain food, This alsc occurred when a generous supply of
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the artificial diet was availasble to several larvae in one container., -
It appears that, regardless of the infestation level, an average of

only one or two larvee will survive in one container,
Adult food test

Results

Some oviposition occurred where the moths received no food, but
an averege of only nine eggs per femele was laid, The analysis of
varience showed & significent difference at the .0l level of probab-
1lity in the number of eggs lald per moth when fed on the various
diets, The Duncan's new multiple range test (Teble 8) shows that

Teble 8. The effects of varying adult food concentrations on
fall armyworm oviposition (Duncan's new multiple range test).

Adult diet
No 10% 10% 50% 50%

food sucrose honey honey sucrose

Average no. eggs per female 9 547 591 592 €32

Those mean numbers not connected by the same line are 81gn1f—
1cant1y different at the .01 level of probability.

average to be significantly lower than the averages for all other

" trestments. The means for the 10% sucrose, 10% honey, 50% honey, and
50% sucrose treatments were 547, 591, 592, and 632 éggs per female,
respectively. Table 8 shows there was no significant difference in

any of those four treatment means.
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Discussion

The 50% sucrose solution was chosen as the adult diet for future
tests, since sucrose is less expensive than honey, and its use re-
sulted in an average of 85 more eggs per female than the 10% solution,
whiqh was almost significant at the .01 level of probability. Also,
honey is more difficult to handle, aﬁd has a tendency to crystalize

after being stored for extended periods.
Oviposition test

Results
Data showing the results of the test to determine the daily and

accumulative oviposition retes of female fall ermyworm moths are given

in Figure 6, No eggs were deposited on the first and eighth days

of the adults' life., Aversges of only one and nine eggs were laid

per female on the second and seventh days, respectively. Moths

laid more eggs on the fourth day than on any other, with an average

of 309 per female. Egg production then began to decrease during

the last half of the adult cycle. On the fifth day after adult

emergence, 93% of the total eggs had been laid.

Discussion

By using this method of egg production, large quantities of
fall armyworms could be produced in the laboratory for various
tests. The moths mate freely in the cages, and mating was observed

several times at night.
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Head capsule measurement study

Results

A comparison of head capsule measurements of fall armyworm
larvae reared on grain sorghum and artificial medium is given in
Figure 7. Only slight differences occurred between the average
head capsule measurements of each larval instar reared on the two
diets. Each bar on the graph has the average head capsule width
and standard deviation shown above it for the instar and food

represented.

Discussion

No overlap in head capsule width of consecutive instars oc~
curred when fed either sorghum or the artificial diet. After some
experience, the instars could be identified without the aid of
magnification. The progression in head capsule width followed
essentially a straight line, when plotted on semi-logaritimic

paper, which helps support Dyar's rule (Dyar 1890).

Comparison of life cycle on

sorghum and artificial medium

Results

Data comparing the life cycle of the fall armyworm on graih
sorghum and artificial medium diets are presented in Table 9,
On both diets the sixth instar larvae gained more weight than the
combined weight gain of the first five instars. The larvae gzined
Weight until the sixth instar larvae began to prepare for pupation.

The maximum weight for the pupae on both diets was slightly less
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. Table 9, Fall armyworm development on natural (grain sorghum)
and artificial (wheat germ) diets.

Average weight Averege meximum Average days in

Life geined (g) weight (g) 1ife gtege
stage Nat, Art, Nat. - Art, Nat, Art,
Larval
instar

1 .00036  ,00033 .00041  .00038 3.8 3.0

2 .00250 ,00272 .00291 .00310 2.0 2.2

3 .01675 .00694, .01966 ~ ,01004 1.9 1.1

L .03014 L0393 .04980 ,04935 1.6 2.2

5 11324 ,11085 16304 ,16020 2.0 2,0

6 37227 35507 53531 ,51527 3.1 beb
Pupsa -.28721 -,28063 L4810 23464 10.1 10.2
Adult  -.03519 -.03805 .21291 19659 7.5 7.5
Egg - - .00005% 00005 3.0 3.0
Total - - - - 35.0 35.6

* An average of 849 eggs laid per female with 83% hatch.

#¥ An average of 868 eggs laid per female with 81% hatch.
than half the maximum weight attained by the sixth instar larvae.
Additional weight was lost in the change from pupa to adult.

The length of time spent in each life stage was very similar
on both diets. The average duration of each 1life stage in days on
gsorghum and medium, respectively, was¢ larva, 14.4 and 14.9; pupa,
10.1 and 10,25 adult, 7.5 and 7.55 and egg, 3.0 and 3.0, The aver-
age total number of days in the life aycle was 35.0 on sorghum and

35,6 on the artificial diet.
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Moths reared from sorghum laid an average of 849 eggs per fe~-
male and 83% of them hatched, The artifiecial diet-resred moths
laid an average of 868 eggs each, with an 81% hatch,

The pupal weights on the day of pupation were analyzed as &
peired experiment. The analysis showed no significant difference
at the .01 level of pfobability in the weights of pupae reared on

the two diets.

Discussion

The sorghum-fed and artificial diet-fed fall armyworm had sim-
iler 1life cycles., If the insect would react similerly when placed
on field- or greenhouse-grown sorghum, the artificlal method of lar-
vel rearing would be satisfactory for producing them in lerge numbers
for various tests.

Pupsl weights were used as the criterion for statistical analysis

for the same reasons given for the corn earworm.
Effect of diet change

Results

Data on the effects of changing the larval food from sorghum to
artificial diet and from the artificisl diet to sorghum is given in
Table 10, There was little difference in the average pupal weights
from all the various treatments. The lowest mean was 243 * 2 mg, and
thebhighest was 246 + 2 mg, The average duration of the larval cycle

was also very similar, ranging from 14.8 + 0.1 to 15.0 + 0.1 days.

Discussion

The results of this and the test comparing the 1ifs cycles on the
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Table 10, The effects of changing the larval food of the fall
armyworm from natural (sorghum) to artificial (wheat germ), and visa
versa, at various intervals during the larval stage.

Group_ 1
Days fed on Pupal weight Days in
Nat ., “Art, (mg) larval stage
A11 - 243 2 14.2 %+ 0.1
3 Remainder 24l + 2 14.8 £ 0,1
6 Remainder 246 + 2 15.0 + 0,1
9 Remainder 246 *+ 2 14.9 + 0,1
12 Remainder 246 £ 2 _ 14.2 # 0.1
Group 2 |
Days_fed on
Art. Net.
811 - 244 + 2 15,0 + 0.1
3 Remeinder 244 * 2 15.0 £ 0,1
6 Remainder | 244, £ 2 15.0 £ 0.1
9 Remainder 245 + 2 14.9 % 0,1
12 Remainder 245 £ 2 . 14.9 £ 0,1

two diets indicates that reariﬁg the fall armyworm on an artificisl
medium would be an acceptable method of cobtaining large numbers of this
species for various studies. The larvae could be transferred to sor-
ghum from the artificial diet at any time during the larval cycle

without affecting the life sycle.



55
Mass rearing

Regults

Data showing the survival of fall ermyworm larvae after one week
on artificial medium as affected by numbers per rearing carton are
presented in Figure 8. The analysis of variance showed that there was

a significent difference among treatments at the .0l level of probability.
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Figure 8. Survival of fall armyworm larvae after seven
days on artificial (wheat germ) diet at various levels of
infestation.
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The Duncan's new multiple range test showed that the 100-, 200,
and 300-larvae-per-carton levels were each significantly different from
other treatments. The 400- and 500-larvae levels were not significantly
different from each other, but both were significantly different from
the other three,

The theoretical meen (Figure 8), based on the 100-lervae treatment,
1s only slightly higher than the observed mean at the 200-larvae level.
This indicates that the percent survival at that infestation level is
almost as great as that for the 100-larvee level. The observed means
at the 300, 400, and 500 levels are much lower than the theoretical
means, At the 100-larvae-per-carton level, an averege of 92 of the
100 lervae started in each contalner survived for one week, for a 92%
survival, At the 500-larvae=~per-carton infestation level, 230 of the
500 started in each carton survived, for a survival rate of only 46%.

Of those larvae living after one week at the 100-larvae-per-carton

level and isolated in individual chambers, 98% pupated.

Discussion

The infestation level to use in the mass production of the fall
armyworm would depend on several factors. The 400 and 500 levels
should definitely not be used because of the low survival percentages.
Of those started at the 100-larvae level, 92% survived, but 85% sur-
vival occurred at the 200 level, which is not a great reduction in
survival rate. If egg production is high, the 300-larvae level may be
more economical, because an average of 37 more larvae were produced per
carton above the 200 level, and shelf space was saved., However, if egg

production is limited, it may be more desirable to use an infestation
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level that will give a higher survival percentage.

The number of larvee surviving in one carton began to level off
at the 400-larvase infestation level. This indicates that crowding
prevents little more than a certain number to survive when the infest-

ation rate is above the AO0C-larvae level,
Generation study

Results

~Data on the consecutive number of generations of the fall armyworm
reared on an artificial diet are presented in Tsble 11, Seventeen con-
secutive generations were reared in the laboratory, with an average of
82,5% of all larvese started surviving through pupation. The larvae
regquired an average of 15.1 days to complete the larval cycle.
rearing trays during the eleventh and twelfth generations. However,
this did not affect the survivel percentege, In fact, the highest
survival rate during the entire study (93,0%) occurred in the twelfth

generation.

Discussion

The type of rearing chember used for fall armyworm lervae seemed
to have little or no effect on the survivel rate or length of ths life
eyele. For rearing the first six generations, 3 1/2-0z ice cream cups
were used., These were found to be undesirable because the larval med-
ium dried and had to be replaced at weekly intervals. This resulted
in a great amount of handling of larvae. Alsc, the cups cost approx-

imately one cent each and had to be discarded after each larval ecycle



58

Table 11. Results of the consecutive generation study of the fall
armyworm on artificial (wheat germ) diet,

Number Percent Deys in Rearing
Generation started survival larval stage chamber
1 200 80.0 15.5 Ice cream cups
2 200 70.0 1 15.7 Ice cream cups
3 200 78.0 15.4 - Ice cream cups
4 200 73.5 15.5 - Ice cream cups
5 200 76.0 14.9 Ice cream cups
6 200 74,5 14.8 Ice cream cups
7 200 82.5 14.9 Shell viels
8 200 84.5 15.0 Shell vials
9 200 85.0 15.1 Shell vials
10 200 89.0 14.9 Ice trays
11 | 200 86,5% 15.3 Ice trays
12 200 93,0% 15,6 Ice trays
13 200 - 86.0 14.8 Ice trays
14 200 82.0 14.9 Ice trays
15 200 90.0 14.9 Ice trays
16 200 87.5 15.0 Ice trays
17 200 81.5 15.0 Ice tfays
Average 200 82.5 15.1 -

¥ Excessive yeast growth on artificisl medium in reesring trays.

was completed to prevent contemination. The seventh, eighth, and ninth

generations were reared in glass shell vials. It was not necessary tc
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replace the medium in these vials during the larval cycle, but cleaning
and sterilizing the viels involved a great deal of labor. Pupase were
also difficult to remove from the vials without injury. Polyethylene
ice cube trays were used to rear generations 10 through 17. Exéessive
drying of the medium was prevented by their use. The ice trays were
easy to clean and sterilize, and it was possible to remove the pupae
from the individual cells with ease.

Although yeast growth did not affect development of the fall army-
worm, 100 g of agar, rather than 90 g, end 2900 m1 of water, rafher
than 3100 ml, were used in the diet. This alteration in the medium
made it drier and more solid, which reduced yeast growth. Since it
was necessary to use the modified diet for the corn earworm, which was
affected by yeast, and in order to prevent the making of two different
diets, the modified diet was also used for the fegll armyworm, The

drier diet did not appear to affect the insects’ developmrent,



TESTS WITH SOUTHWESTERN CORN BORER
Test on various diets

Results

Table 12 shows the results of the test to determine the most
suitable diet for rearing larvae of the southwestern corn borer. The
highest survival rate and the shortest larval cycle were obtained by
feeding the wheat germ diet, An average of 79% of these larvae survived

Teble 12, Effects of various larval diets on southwestern corn
borer larval development and pupation.

Diet No. Pupation No, deys in

used larvae Number Percent larvel stage
Wheat germ 300 236 79 19.3
European corn borer 300 201 67 20.6
Powdered corn leaf 300 52 7 24.9
Corn meal 300 12 4 26.0

through pupation after spending an average of 19,3 deys in the larval
stage, The European corn borer diet, with 67% survivel and 20.6 days
spent as larvae, also, was fairly satisfactory. Survival on the pow-
dered corn leaf and corn meal diets was low, and the larval periods
were increased in length by almost a week over those fed wheat germ

medium,
60
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Discussion

Although the European corn borer diet was not satisfactory for
rearing corn earworm and fall armyworm larvae, it proved to be fairly
desirable as a larval medium for the southwestern corn borer. The corn
meal diet was least satisfactory, which did not agree with the results
obtained in similar tests on corn earworm and fall armyworm. In this
latter case, the powdered corn leaf medium gave the poorest results.
Most of the southwestern corn borer larvee fed the corn meal and pow-

dered corn leaf diets died during the first week of the larval stage.

Test on number of larvae per rearing carton

Results

Data on the determination of the number of southwestern corn
borer larvae that could be reared per carton is presented in Figure 9.
The analysis of variance showed a significant difference in survival
rate between different treatments at the .0l level of probability.

The Duncean's new multiple renge test showed that each of the 10-,
20-, and 30-larvae-per-carton infestation levels was significantly
different from all other treatments. The 40~ and 50-larvee levels were
not significantly different from each other, but each is significantly
different from the other three.

The observed meen survival at the 20- and 30-larvae levels were
only slightly below the theoretical mean based on the 10-larvae-per-
carton level, but the 40- and 50- larvae levels began to fall farther

below the theoretical mean.
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Figure 9. Southwestern corn borer pupation as related
to numbers of larvae per carton when reared on artificisl

Discussgion

Due to their lack of cannibalistic habits, it was possible to rear
southwestern corn borer larvae throughout their lerval cycle with Sev=
eral in each rearing container. The most desirable level for mass rear—
ing purposes would probably be somewhere between 20 and 30 larvae per
carton, since the observed mean was very close to the theoreticel mean

at those levels.
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Ovipogition test

Results

Data on the daily and accumulative cviposition rates for the south-
western corn borer are presented in Figure 10, This specles did not
begin to oviposit until the second day after emergence, when an everage
of only six eggs each were laid, Peak egg production was reached
on the fourth day, when 95 eggs per female were leid., The accumulative
egg production by the fourth day was 75% of the total production of

195 eggs per female at the end of six days.
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Figure 10, Dgily and accumulative oviposition rate per
female southwestern corn borer moth during the adult stage.
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Discussion

The test showed that large numbers of southwestern corn borer eggs
can be obtained by using this rearing method. The oviposition cages,
as described in the methods and materials section, were satisfactory,
gince the oviposition surface could be removed from the outside of the

cage without the moths escaping.
Head capsule measurement study

Results

Data on the comparison of head capsule width of southwestern corn
borer larvee fed on sorghum and artificial diets are presented in
Figure 11, Very little difference occurred between the head capsule
measurements of any larval instar fed either of the two diets., The
average head capsule measurement and standard deviation are shown above

the bar corresponding to each larval instar and diet.

Discussion

There was no overlap observed in the head capsule width of con-
secutive instars when fed either diet. The instars could even be sep~-
areted without magnification after some experience. The growth progres-
sion in head capsule width was linear when plotted on semi-log paper,

which helps support Dyar's rule (Dyar,1890).

Comparison of 1life cycle on

sorghum and artificial medium

Results

Data on the life cycle of the southwestern corn borer reared on
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sorghum and artificiel medium are presented in Table 13, Most of the
larval weight was gained in the fourth and fifth instars. The lar-
vae became somewhat less active after molting to the sixth instar,

and almost all of them began to lose weight the second day after
reaching that stage. The average maximum weight attained in the sixth
instar was .43800 g on sorghum and .44107 g on the artificial diet.
The average pupal weights were similar, being .22821 g and ,22919 g

on sorghum and artificial diet, respectively. The pupal weight on

Table 13, Southwestern corn borer development on natural (grain
sorghum) and artificial (wheat germ) diets.

Average weight Average meximum Average days in
Life geined (g) weight (g) life stage
stage Nat. Art, Nat. Art. Nat. Art.
Larval
instar
1 .00028  ,00030 .00033  ,00035 3.5 3.k
2 .00588 00611 .00621 .00646 3.0 3.0
3 .04506  ,04490 .05127 .05136 3.0 .0
4 .19972  ,20026 25099  ,25162 3.0 3.0
5 14799 14937 .39898  .40099 3.0 3.0
6 .08902  ,04008 43800  .44107 3:9 3.9
Pupa -.20979 -.21188 22821  ,22919 9.5 10.1
Adult -.02273 ~-,02204 20548  ,20715 5.8 6.0
Egg - - .00005% ,00005%* 5.0 5.0
Total - - - - 39.7 L0 4

* An average of 218 eggs laid per female with 90% hatch.
%% An average of 229 eggs laid per female with 89% hatch.
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the day of pupation was the criterion for statisticel analysis., The
analysis was made as a paired experiment, and no significant differ-
ence was observed at the .0l level of probability.

The average number of deays spent in each life stage was very sim-
iler on sorghum and medium, being respectively: lerva, 19.4 and 19,3;
pupa, 9.5 and 10,1; adult, 5.8 and 6,0; and egg, 5.0 and 5.0, The
total length of the 1ife cycle on sorghum was 39.7 deys, and for the
artificial diet 40.4 days.

Moths reared from sorghum laid an aversge of 218 eggs each with
90% of them hatching., Those reared from the artificiel diet laid an

average of 229 each, with an 89% hatch,

Discussion
The results indicate that the artificial-diet method of reering

southwestern corn borer larvae would be satisfactory for obtaining
large numbers of larvae. They reacted so similerly on the two diets
that both seem to contain all the needed requiremerts for growth and

reproduction,

Effect of diet change
Results
Data showing the results of the test to determine the effects of
substituting sorghum for artificial medium and artificial medium for
sorghum as food for southwestern corn borer larvae at various intervals
during the larval cycle are presented in Table 14. The average pupal
weights were very similar on the various treastments. They ranged

from 227 + 1 mg to 229 + 1 mg, Larvae from all treatments spent
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Table 14. The effects of changing the larval food of the south-
western corn borer from natural (sorghum) to artificial (wheat germ),
and visa versa, at various intervals during the larval stage.

Group 1
Days _fed on Pupal weight Days in
Nat. Art, (mg) | larval stage
All - 228 + 1 18,0 + 0,1
3 Remainder 228 + 1 18.9 + 0.1
6 Remeinder 229 + 1 19.0 + 0.1
9 Remainder 228 4+ 2 19.1 + 0.1
12 Remainder 228 + 1 19.0 +# 0.1
15 Remainder 229 + 1 19.1 + 0.1
Group 2
Days fed on
Art. Nat.,
A1l - 228 + 1 19.0 £ 0.1
3 Remainder 227 + 1 © 19,2 £ 0.2
6 Remainder 228 + 1 19,1 # 0.2
9 Remainder 228 + 1 19,0 £ 0.2
12 'Remainder 228 + 2 18.9 + 0.2
15 Remainder 220 4+ 1 19.0 # 0.1

approximately the same time in the larval stage. The average larval

cycle ranged from 18,9 # 0.2 to 19.2 # 0.2 days.

Discussion
This test and the one comparing the entire 1life cycle on the two

diets indicate thet artificially reared southwestern corn borers react
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similarly to those reared on sorghum. This would make it possible to
produce large numbers of that species on artificial medium for various
studies. The pupal weights were used for comparison because of uni-

formity and ease of handling,
Generstion study

Results

Data on the consecutive generations of the southwestern corn borer
resred on an artificiel diet in verious rearing chembers is presented
in Table 15. This species was reared for 12 consecutive generations
on artificial medium, There was only 50.5% survival in the twelfth
generation, and no fertile eggs were laid by the females.

An average of 68,5% of ell lervee sterted on the diet survived
through pupation after spending an averasge of 19.7 days in the larval
stage. The low survival rate in the fourth and seventh generations
was partly due to the fact that some larvae chewed through the walls
of the ice cream cups and plastic ice treys which were tried as rear-
ing chembers in place of the glass shell vials, The low survival and
lack of fertile eggs in the twelfth generation cannot be explained.
Otherwise, the survival rate and lergth of the larval periods were

similar in other generations.

Discussion

Glass shell vials were used first to rear southwestern corn borer
larvae. They were hard to clean, so ice cream cups were tried during
the fourth generation. Several larvee chewed through the cups and

escaped. Shell vials again were used for the fifth and sixth generations,
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Table 15. Results of the consecutive generation study of the
southwestern corn borer on artificial (wheat germ) diet.

Number Percent Deys in Rearing
Generation started survival larvel stage chamber
1 200 70.0 19.9 Shell viels
2 200 76.0 19.4 Shell vials
3 200 T4.5 19.6 Shell vials
A 200 4L8.,0% 19.1 Ice cream cups
5 200 79.5 20,0 Shell vials
6 200 8l1.5 19.4 Shell vials
7 200 53,0% 19.4 Ice trays
8 200 59,0%% 19.6 Sandwich boxes
9 200 76.0 19.3 Sendwich boxes
10 200 85.5 19.9 Sandwich boxes
k2 200 67.0 20.3 Sendwich boxes
12 200 50, 5%%% 20.9 Sandwich boxes
Average 200 68.5 19.7 -

* Several larvae chewed out of the rearing chamber.
¥* Excessive yeast growth on artificial medium in rearing chambers.
¥%¥% No fertile eggs received from moths.
Polyethylene ice cube trays were tried for the larvae in the seventh
generation, but several chewed out of them, also, The larvae from the
eighth through the twelfth generations were reared in plastic sandwich
boxes with 20 larvae started in each box. The low survival rate noted

in the eighth generation, which was reared in sandwich boxes, was due

to excessive yeast growth on the medium. The agar in the medium was
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increased from 90 to 100 g, and water was reduced from 3100 to 2900
ml. This resulted in a dryer medium which seemed to be undesirable for
yeast growth, Survival rate increased back to normal in the following
generations after the diet was altered.

It is apparent from these data that the southwestern corn borer
can be reasred satisfactorily using the techniques described prev-

iously.,



GENERAL SUMMARY AND CONCLUSIONS

The tobacco budworm, Heliothis virescens (F.), failed to develop
on grain sorghum when sorghum plaﬁts in the greenhouse were manually
infested at levels of 5, 10, and 20 larvae per plant. These data
indicate that there is little liklihood that this species occurs as
a pest on sorghum end could be confused with the corn earworm.

An artificial diet containing wheat germ was found to be the most
desirable larval medium for the corn earworm, Heliothis zea (Boddie),
the fall armyworm, Laphygma frugiperds (J. E. Smith), and the south-
western corn borer, Zeadiatrasea grandiosella (Dyar), when compared
with a diet containing corn meal and two diets containing dry powder-
ed corn leaves.

It was found impractical to rear corn earworm and fall armyworm
larvae with several larvae in a container due to extensive cannibalism.
An average of only one or two larvae survived through pupation at in-
festation levels of 10, 20, 30, 40, and 50 larvee ver 1/2-pint ice
cream carton for both species. On the other hand, several south-
western corn borer larvae were reared in the same rearing chamber., An
average of 20 larvae pupated in each 1/2-pint ice cream carton at a 30-
larvae-per-carton infestation level.

Adult food was found to be necessary for satisfactory egg prcduction
of the corn earworm and fall armyworm moths. The number of eggs laid

by females of both species was significantly higher when moths were fed

72
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either 10 or 50% honey, or 10 or 50% sucrose solutions. The highest
numbers of eggs were obtained from moths fed 50% sucrose, but the mean
was not significantly higher than for all other treatments,

The corn earworm, fall armyworm, and southwestern corn borer moths
reached a peak in egg production on the fourth day after emergence. All
three species laid very few eggs after the fifth day. Adults of the
corn earworm and fall armyworm lived an average of eight days, and
those of the southwestern corn borer an average of gix days.

No significant differences in head capsule widths in the several
insters of larvae of the corn earworm, fall armyworm, or the south-
western corn borer were observed when measurements of those reared on
sorghum were compared with those reared on the artificial diet. This
would indicate the satisfactory nature of the artificiel diet.

When corn earworm, fall armyworm, and southwestern corn borer
larvee were fed on sorghum or the artificial diet, the diet had little
effect upon the life cycles of each of the species. The respective
average number of days in the life cycles when fed on sorghum and arti-
ficial diet were: corn earworm, 36.6 and 36.9; fall armyworm, 35.0
and 35,6; and southwestern corn borer, 39,7 and 40.4.

It was found, during this study, that a change in the larveal diet
from sorghum to artificial medium or from artificial medium to sorghum,
at various intervals in the larval cycle, had little effect on the pupal
weights or duration of the larval cycle of the corn earworm, fall army-
worm, or southwestern corn borer.

The corn earworm and fell armyworm larvae could be reared for a
period of one week with as many as 200 to 300 per carton without high

mortality due to cannibalism. They had to be isoleted into individual
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chambers after that length of time. The southwestern corn borer larvae,
because they are not cannibalistic, did not have to be individually iso-
lated.

The corn earworm was reared for 14, and the fall armyworm for 17
consecutive generations in the laboratory on an ertificial diet with
no apperent detrimental effects. The southwestern corn borer was rear-
ed through 12 generations, but for no apparent reason, moths from the
last generation did not lay fertile eggs.

On the basis of the data presented herein, artificial diets and
techniques have been developed which should have practical use for mass
production of eggs, larvee, pupse, and edults of the corn esrworm, fall
armyworm, end the southwestern corn borer. There is an Immediate need
for these insects in large numbers in connection with the development
of insect resistance in sorghums, but their availability in large

numbers for insecticidal and other research is also important,
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