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PREFACE 

Several artificial diets for rearing insects have entered the 

entomological picture 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. Chadall and other staff mem­

bers of the Entomology Departmentll it was decided that information 

should be obtained on the development of mass rearing techniques of 

some lepidopterous sorghum insects)) and a comparison made of their 

biology on natural and artificial diets. 

Deep appreciation is extended to Professors Chada and C. F. 

Henderson, Entomology Research Division 9 United States Department of 

Agriculture, for making this study possible" and the excellent advice 

received from them throughout the study and during the preparation of 

this manuscript. I wish, also 9 to express my gratitude to Professors 

D. E. Howell, Head 9 Department of Entomology~ R.R. Walton, Department 

of Entomology, and Dale E. Weibel 1 Department of Agronomy, for their 

valuable criticism of the manuscript. Monetary assistance was provided 

by the Entomology Research Division)) United States Department of Agri­

culture, and by the Entomology Departmenty Oklahoma State University. 

Appreciation is also extended to my wife 9 Sheron, for her encour­

agement throughout the study and the help received from her during the 

preparation of the thesis~ and to my sisters Nancy and Lois Bailey for 

their assistance in proofreading the final manuscript •. 
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INTRODUCTION 

A great deal of effort has been exerted in t he last few years in 

breeding crops that are resistant to insects. Due to the low inci dence 

of insect populations during some years , and the f act 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 phytophagous 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 artificial 

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 regard could enable the plant breede~ .to breed 

plants lacking in one or more of the necsssary requirements of certain 

insect species. 

Although several artificial diets have been developed for rearing 

phytophagous insects , there is very littl e information compar ing the 

1 
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bi ology of i nsects r ear ed ori artificial di ets 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 art ificial diet as compared with sor­

ghum as food, and to develop a satisfactory method for laboratory rear­

ing. The test species used wer e the corn earworm, Hel iothis ~ (Boddie), 

the fall armyworm, Laphygma frugiperda (J .E. Smith) , and the south­

western corn borer, Zeadiatraea grandiosella .(Dyar). 

The detailed study of the t hree species i ncluded (1) the most de­

sirable artificial diet f or both l arvae and adul t s , (2) t he number of 

larvae that could be reared per contai ner , (3) growth rate, (4) mortal­

ity rate, (5) duration of each life stage, (6) reproductive potential 

of insects reared on the diet s 9 (7 ) t he effects of changing the larval 

diet at various stages in the l arval cycle~ and (8 ) the number of gener­

ations that could be reared. 

Preliminary tests wi th arti ficial di ets and sorghum were also con­

ducted on two other lepidopterous species , t he tobacco budvorm, Heliothis 

virescens (F.) , and the sorghum webworm, Celama sor ghiella (Riley). Due 

to t he diff i culty in the taxonomic separ ation of Heliothis virescens and 

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

li• vi rescen~ may at t ack grain sor ghums, and could be mi staken for~ . !fil!: 

in the fiel d. A study was conducted in the gr eenhouse to determine i f 

E· virescens would become est ablished on sorghum in a test i n which Il• 

zea was used as a check. 

Fi eld-collected, l ate~instar lar· ae of the sor ghum webworm fed on 

an artificial diet, completed pupation~ and emerged as adults 1 but they 

f ailed t o oviposit in t he laboratory. Because i..; f thi s failure to 

• 



reproduce, it was not feasible t o conduct a comparative study of this 

insect species. 

3 

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 t oxic residues following the use of chemicals for insect 

control might be harmful. 

Therefore, the research data resulting from the experiments de­

scribed herein are deemed of importance in the development of a sorghum 

insect res i stance studies program. Results of this research should pro­

vide techniques for rearing several lepidopterous larvae in mass numbers 

for use in screening sorghum varietiesr 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. 

'~ • I : 



REVIEW OF LITERATURE 

Rearing insects~ plant material 

Entomologists have been rearing phytophagous insects for one kind 

of study or another for many yearso The early methods 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 larvae. 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 larvae. The larvae de'veloped 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 (1956ll 1962) used metal "egg-crate11 type rearing 

trays containing small sections of corn ears as the larval food. A 

grea~er number of l arvae 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 Diatra~a complex in the lab­

oratory. McEwen and Hervey (1960) devel oped a method for mass rearing 

the cabbage looper» Trichoplusia ni (Hbn. 9 in the laboratory using 

broccoli f oliage as food. 

Development of artificial diets 

More knowledge of the nutritional requirements of phytophagous 

insects led to the development of artifici al diet s. Trager (1947), 

4 
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Friend (1958) 1 and House (1961) give very good summaries 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 9 corn oil for fat, inorganic · 

salts to buffer the pH, agar as a carrier, and vitamins A, B1, 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. Those reaching maturity appeared 

to be normal, but no eggs were deposited by the female moths. This was 

believed to be due to the smal l number of adults obtained and the lack 

of synchronization of adult emergence , which prevented mating. 

Beck et al. (1949) developed a 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, cholesterol 9 corn oil, Wesson's salts , 

yeast powder, choline, agar 9 and cellulose. They reported that corn 

leaves contained an unknown factor essential to larval growth. Later, 

studies by Beck and Stauffer (1950) and Beck (19509 1953) were conducted 

to develop an aseptic method for r earing the larvae, to determine the 

effects of omitting single constituents from the diet 9 and to determine 

the nature of the corn leaf factor in the diet. 
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After the successful development of these first diets 9 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 9 

making it possible to determine the chemical constituents quite accur­

ately. Although some of the larvae reached the adult stage and appeared 

normal 9 the mortality rate was high. Vanderzant and Reiser (1956 b) 

formulated a purified casein diet for the pink bollworrn which resulted 

in up to 100% pupation of all larvae started. A wheat germ diet was 

developed by Adkiss~n et al. (1960 a) which promoted normal growth and 

development of the pink bollworrn. An average of 81.5% of the larvae 

placed on the diet became adults. 

Five generations of boll wee~ils~ Anthonomus grandis Boh.j were 

reared in the l5Doratory on a semi-synthetic diet developed oy Vanderzant 

and Davich (1958). Adults would feed on the diet, out woul d not ovi­

posit unless cotton plant extracts were actctea. 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 9 

including the pink bollworm wheat germ medium. 

The wheat germ diet developed for the pink bollworm by Adkisson 

et al. (1960 a) was modified by Vand1::rzant et al. (1962 ) to r ear larvae 

of the bollworm~ Heli9this ~ (Boddie). It was necessary to omit sodhan 

alginate and add ascorbic acid to the diet f or normal development of this 

insect . Four generations of the bollworm were reared during the winter. 

By adding dry powdered cotton l eaves t o the bollworm diet , Ignoffo (1963) 

was able to r ear large numbers of the cabbage looper. Pan and Long (1961) 

mass-reared the sugarcane borer~ Diatraea sacch.aralis (F. ) on a semi= 
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synthetic diet containing an acetone extract from corn plants. 

There have been several phytophagous 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 physical 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 Eroblems in insect ;r_earin_g 

The primary requirement for rearing insects successfully is pro­

viding them with a diet that satisfies their nutritive requirements and 

is of a consistency that initiates feeding. Essential nutrit ive r e­

quirements can be incorporated into the diet by adding purified chem­

icals which are found in the host plant. Beck et al. (1949) ~ Vanderzant 

(1959), and Ignoffo (1963) supplimented artificial diets with plant ex­

tracts or dried plant parts to promote normal growth or reproduction. 

The correct consistency of the medium can be controlled by adding varying 

amounts of a carrier such as agar. 

Quaintance and Brues (1905) reported t hat cotton bollworm mot hs 

did not begin to oviposit until they had fed. Lukefahr and Griffin 

(1956) stated that food containing sugars induced pi nk bollworm moths 

to lay about twice as many eggs as those receiv ng only water. Ellisor 

(1935) fed corn earworm moths on a 10% sucrose solution , and Callahan 

(1962) fed them a 10% honey solution. Both methods prov~ded good r e­

sults. Shorey (1963) said that fecundity of adult ~abbage l oopers was 

directly related to the concentration of their food . 

Several environmental ±'actors such as light 9 temperature » and 
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humidity are important in insect rearing. Some diffused light is nec­

essary for activity of corn earworm moths 9 but it should be at low in­

tensity of one foot candle or below (Callahan, 1956, 1958, 1962). 

Callahan (1962) reported 73 to 80 Fas the optimum temperature for rear­

ing corn earworms. McEwen and Hervey (1960) found the optimum temper­

ature for rearing cabbage loopers to 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 9 1962). Ditman et al. (1940) stated that weight loss of 

corn earworm pupae depends on humidity 9 ranging from 1.6% loss at lex:>% 

to 18.6% loss at aJ, relative humidity. 

A surface for oviposition is necessary when rearing 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 t hat a villous surface was nec­

essary for oviposition by the corn earworm. He used cloth for both egg 

deposition and for adults to cling to after emergence, thus allowing for 

wing expansion. Ignoffo (1963) provided paper toweling on which the 

cabbage looper moths deposited eggs. The rough surface of the towel 

presented small depressions in which the eggs were placed. The boll 

weevel oviposited directly on an artificia diet when plant extracts or 

pollen were added (Vanderzant and DavichD 1961) . The females preferred 

a curved, rather than a flat , surface for o,dposition. Callahan (1957) 

stated that t he oviposition surface for insects should r esemble closely 

the surface of the host where the eggs are deposited. He reported more 

eggs deposited by corn earworm moths on a villous cl cth surface than on 

corn plants when both were in the same cageo 
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Isolation into separate rearing cells becomes necessary when rear­

ing cannibalistic species. Barber (1936 b) said that only a single 

larva of the corn earwo:rm usually survives in one ear due to cannibal-

ism. In fact, he reared individuals of that species from all larval 

instars to the adult stage with 110 other food than other earwo:rm larvae. 

Late instars 9 however~ were more cannibalistic than the early ones. He 

reported that from 65 to 88% of crowded larvae survived to the third 

instar. Vanderzant et al.. (1956) found pink bollworms to be extremely 

cannibalistic when. reared together. Beck and Stauffer (1950) reared 10 

to 15 European corn borer.larvae per 125 ml Erlenmeyer flask with very 

little cannibalism. Pan and Long (1961) reared 10 sugarcane borer lar-

vae per 250 ml Erlenmeyer flask with no cannibalism reported. 

McEwen and Hervey (1960) said that strict sanitation is necessary 

for rearing cabbage loopers to prevent outbreaks of polyhedral virus. 

If completely aseptic proceedures are not practiced in rearing insects 
r 

on artificial diets, several fun.gus and yeast organisms will grow on 

the medium. If equipment and laboratory facilities are of a nature that 

sterilization and sanitation are not possible? mold and yeast inhibit­

ors can be incorporated into the medimn. Vanderzant et al. (1962) 

reared four generations of bollworms aseptically without adding inhib-

itors for microorganisms. They also reared them under non-aseptic con-

ditions by adding para hydroxybenzoate as a mold inhibitor. Ignoffo 

(196.3) used methyl para hydroxybenzoate to inhibit growth of mold~ and 

aureomycin to inhibit yeast growth on the larval medium when rearing 

cabbage loopers. 

Air circulation within the rearing chamber is very important. 

Mathes (1936) stated that too little air circuJ.ation resulted in more 
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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 vials 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 circulationj yet 

prevent the larvae from escaping. 

Comparison of insects reared .QU natural and artificia1 diets 

A few of the workers who have reared insects artificially have pre­

sented data comparing the insects' life cycles on both natural and syn­

thetic diet~. This review pertains to literature on individual species 

under natural 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 reared four conseeutive 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 apprec­

iable differences were noted in the body weights and measurements of 

individuals from the two populations. 

Adkisson et al. (1960 b) stated that growth and development of the 

pink bollwonn reared on an artificial diet appro:ximated that reported 

for the insect in the field. They reported that pupae from the diet were 

slightly smaller than those collected from ~otton bolls, but female 

moths reared from the diet laid more eggs than field collected moths 

(Adkisson et al. j 1960 a). This may have been due to the possibility 

that moths in the field deposited part of their eggs before they were 

captured. Adkisson (1961) found that pink bollworm moths reared on a 
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1% cottonseed meal diet laid more eggs than those reared on wheat germ 

diet, 5% cottonseed meal diet, cotton squares, or cotton bolls. George 

et al. (1960) found the corn earworm able to complete the larval cycle 

in 15.5 days when reared on the European corn borer diet developed by 

Beck et al. (1949) 9 after completing the fi.rst instar on corn silk. 

Vanderzant et al. (1962) reported 12 days in the larval cycle of the 

corn earworm reared on a wheat germ medium~ but Cordova (1962) stated 

it took 17.4 and 16.5 days, respectively, when reared on wheat germ 

medium and corn. 

Pan and Long (1961) fourid that sugarcane tops were slightly super­

ior to an artificial diet in rearing the sugarcane borer. Mortality was 

40% on the natural diet as compared with 60% on the artificial medium. 

Larval weights were also slightly greater when reared on natural food. 

Each larva required approximately 7. 5 g of the artificial 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)0 McEwen and Hervey (1960) reported that 9 to 11 days 

were needed for completion of the larval stage when the loopers were fed 

broccoli foliage in the laboratoryo The broccoli-reared loopers 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 dieto 
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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 9 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 solutior.i laid more viable eggs and 

lived longer than those reared from corn o:r iCiottor.i squares and fed on 

either sucrose or water alone. Sucrose-fed adults of the tobacco bud­

worm, Heliothis vi.rescens (F,) ll and the c.otton leafworm, Alaba.ma 

~rgillac~& (Hbn.) ,9 le.id more eggs than those fed on1y water. Cordova 

(1962) reported the average pupal weights fo:r corr.! earworms reared on 

an artificial diet to be 585.6 mg, and on corn:; 595.5 mg. Lukefahr and 

Martin (1964) found that pupae of bollwor.ms (corn ear1.vorms) reared on 

artificial diet or corn averaged less than 500 mg. 

N~ of generations reared artificia11J.: 

Laboratory-reared cabbage loopers fed broccoli (McEwen and Hervey} 

1960) were produced at the rate of 13 generations per year. Ignoffo 

(1963) reared six generations of the looper on an artifi.cial diet before 

publishing his data~ but if more generatio:n.s had been possible at the 

rate of 23 days each (as reported for the si.x generations) .9 almost 16 

generations coul.d have been produced per year o Vanderzant 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 Heiser (1956 a) produced three 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) statedi " ••• not more than five successive gen­

erations of the corn earworm may be produced by using harvested food 

under laboratory conditions. A larger number of successive generations 

can be reared only on living plants. 11 He also said: "It is apparent 

that the main difficulties in rearing the corn earworm involve its un­

predictable mating habits in the laboratory. 11 However, Ellisor (1935) 

reported that second generation corn earworm moths reared on living 

plants in a greenhouse were weak and their eggs infertile. Even though 

problems are involved in rearing insects 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 tobacco budworm 

Establishment~ development .Q.!1 grain sorghum 

RS 610 hybrid grain sorghum was pls.nted in the greenhouse for this 

test. When the pl.ants were in the early whorl stage, 5, 10)1 or 20 first 

instar larvae of the tobacco budworm were pl.aced on each of ten plants. 

No sign of establi.shment of the larvae could be observed by daily 

checks. Further attempts were made to infest the plants at the same 

rate in the 1ate whorl stage end when they began to head. No estab­

Jishment was observed in either attempt. 

In order to eliminate the possibility of other factors befog in­

vo]ved in the fai1ure of larvae to become established on the p1ants, 

another test as a check was conducted including the corn earworm, at 

the same infestation rates. The same pl~mts were used as were prev­

iously, and at the time of infestation the heads were in the early milk 

stage. 

At 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 small piece of sorghum head 

in 3 1/2-oz ice cream cups. Records were taken on the infestation rate, 

number of larvae Jiving after 6 and 12 days, i3,nd.the number that pupated. 
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Tests with corn earworm 9 fall armyworm~ 

and southwestern corn borer 
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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 ft during the September 1962-April 

1964 period. A relatively constant temperB.ture of 80 F was maintained 

throughout the year by means of a thermostatfoally control1ed refri­

gerated window aircori.ditioner duri.ng warm weather and by furnace heat 

supplemented by a thermostatically contro1led e1ectric heater during 

co1d weather. Du.ring the day the 1ighting i.n the room was by four l}O­

watt f1uorescent tubes and two wjndows, 42 by ;~O and 30 by J 9 inches. 

At night diffused Hght was prov:i.ded by means of a 60-watt incandescent 

bu1b in a 1amp placed on the f1oor under a table and directed toward 

the wa11.. The relative humidity in the rearing room was uncontrolled, 

but it seemed to be satisfactory for rearing all stages of the insects 

involved. 

Iest with various diets 

Before extensive tests cou1d be initiated on rearing the insects 

in the laboratory, a suitable larval medium had to be adopted for each 

of' the sped.es 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 earwo:rmo Another diet, 

containing dry powdered corn leavesj 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 
Casein 
Sucrose 
Wesson's salts 
Alphacel 
Wheat germ 
Ascorbic acid 
Methyl para hydroxybenzoate 

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

(0.1 g/ml in water) 
Choline chloride 

(0.1 g/ml in water) 
Potassium hydroxide 

(4 M) 
Vitamin stock solution 
Vitamin E and corn oil 

(1 ml alpha tocopherol in 99 ml corn oil) 
Water 

Diet Number 2 (Corn meal diet) 

90 g 
126 g 
126 g 

36 g 
18 g 

108 g 
15 g 

36 ml 

18 ml 

36 ml 

18 ml 
6 ml 

10 ml 
3100 ml 

This diet was the same 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) 

Agar 
Glucose 
Casein 
Cholesterol 
Wessonvs salts 
Brewer's yeast 
Corn leaf powder 
Corn tassel powder 
Choline chloride 
Cellulose 

27 • .3 g 
8.5 g 

42.8 g 
3.4 g 
5.2 g 

34.J g 
27.6 g 
27.6 g 
0.5 g 

13.7 g 



Mold inhibitor . 
(170 ml 95% alcohol, 15 g methyl hydroxy­
benzoate, 20 g sorbic acid) 

Vitamin E and corn oil 
(1 ml alpha tooopherol in 99 ml corn oil) 

Water 

20.0 ml 

1.s ml 
1050.0 ml 
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Newly-hatched larvae of the corn earworm, fall armyworm, and south­

western corn borer were placed individually in 3 1/2-oz ice cream cups 

with a small amount of one of the four diets. Three hundred larvae 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 pup~tion on the var-

ious diets were recorded for each species. 

~ .52n number 9f. larvae per rearing carton 

After a suitable diet was adopted9 a 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 larv·ae 1 with ten replications for each infestation level 

for each species. The diet was replaced at weekly intervals to provide 

fresh food. A record was kept on the number of larvae pupating in each 

carton. The data were analyzed as a randomized block experiment fol-

lowing the procedures outlined by Steel and Torrie (1960). 

Adult~~ 

Corn earworm and fall armyworm adults feed, but the southwestern 

corn borer moths do not. A test was conducted tq 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-oz ice cream cups. These cups were placed inside separate ovipos­

i ti.on cages constructed of 1/ 4-in. hardware cloth forming a cylinder 

nine inches hi.gh and seven inches in diameter. The cages had a top and 

bottom ms.de of 1/S-ir1" hardware cloth, the top being constructed for 

operJ.ing to gain entry to the cage. Paper toweling was taped a.round the 

outside of the cage as a surface for cor11 earworm moth oviposi tion 9 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 a constant food supply available to the moths. 

The treatments in the adult food test were:: no food, 10% suerose 9 

50% sucrose, 10% honey, and 50% honey solutions. Ten male and ten female 

pupae were placed in each care, and each treatment was replicated three 

times. After moths emerged and oviposition began, the oviposition sur­

face was replaced daily and the ntunber of eggs recordedo Egg counts 

were made by gridding the oviposition surface 9 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 9 according 

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

Oviposition test 

In order to determine the number of insects that should be reared 

in order to provide a gi·ven number of eggs for various tests~ it was 

necessary to conduct an oviposition study on each species. A test was 



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 borerj and paper toweling was used for the corn 

earworm. 

Ten male and ten female moths of each species were placed in a 
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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 WBS 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). 

~ 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 larvae 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 a:r.mywor.m larvae were placed in 3 1/2-

oz ice cream cups and the southwestern corn borer larvae in 1 by 3 3/4-

in. glass shell vials~ half of them on artificial medium and the other 

half on grain sorghum 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 spoilageo Although it would 

have been unnecessary to change the artificial diet so often 9 it was 



20 

also replaced at two-day intervals to make the test unifo:rm. After 

each larval molt, 20 more larvae from each diet were killed and the 

head capsule measured and 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 

s·teel and Torrie (1960) were used to conduct a standard deviation test 

on the data. 

Comparison .Q! life cycle im sorghinn and artificie.l medium 

In order to determine if the life 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 annyworm were 

weighed and isolated on each diet in separate cells of polyethylene 

ice cube trays. Each tray had 14 cells with dimensions of 1 3/4 by 

1 1/ 4 by 1 in. deep. The trays were covered m:th 1/ 4-in. plywood cut 

to the size of the trayo The plywood had a 1/2-in. layer of absorbant 

cotton covered with unbleached cotton muslin stapled to it to allow air 

circulation 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 earwonns consisted of small branches 

of newly-emerged sorghum headsy and that of the fall annyworms and 

southwestern corn borers, succulent pieces of sorghum whorls. The 

wheat germ diet described previously was fed to the other test larvae. 
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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, they were placed in clean rearing chambers containing fresh food. 

Upon pupation the pupae were weighed and sexed. Pupal weights 

were recorded each day until emergence to dete:nnine weight changes dur­

ing the pupal stage. After emergence, the adults were weighed, and ten 

males and ten fema1es placed in ovipositj_on 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 eg,fs laid per fem ale. 

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 

criterion for comparison. 

~ 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 armyworm employed 250 larvae of 

each species divided into ten treatments of 25 larvae each. 'I'he ten 

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 iso1ated 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 

substituted for the initial diet as the treatment called for it. The 

test on the southwestern. corn borer wa.s conducted in essentially the 

same man:n.er in 1 by 3 3/4-in. glass shell vi~ls. However, due to the 

longer larval cycle o:f' the southwestern corn borer, it was necessary to 

add e.l'l. e.dd:ttional treatment or 25 larvae to each of the two groups. 

The trea.tmen.ts for the test a.re outlined below. 

Group 1 
Das fed oni 

Initial diet Sorghum Alternate diet Artificial 

a) Entire 
b) 
c) 
d) 
e) 
f) 

Group 2 

larval 
3 
6 
9 

12 
15* 

stage 

Das fed oni 

Remainder 
Remainder 
Remainder 
Remainder 
Remainder 

Initial diet Artificial Alternate diet (Sorghum) 

a) Entire 
b) 
c) 
d) 
e) 
f) 

1arval 
3 
6 
9 

12 
15* 

stage 
Remainder 
Remainder 
Remainder 
Remainder 
Remainder 

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

Ten additional larvae, not involved in the testy were maintained 

on each of the treatments and substituted into the test at random in the 

event of death of one of the test larvae. On the day of pupation, each 

pupa was weighed and the duration of the larval stage was recorded. 

A standard deviation test 9 as described 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 

southwestern corn borer larvae per container, because they are not 

cannibalistic, thus individual han.dling was not necessary. The corn 

earW"orm and fall armyworm, o:n the other handll 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 optimmn number of larvae 

that could be successfuJ.ly reared in one container through the first 

week of the larval cyc1e. Plastic sandwich trays, 4.5 by 4.5 by 1.5 in. 

deep, were u~ed for rearing chambers. A square hole was cut in each 

lid 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 liquid 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 9 400, and 500 larvae per tray, 

and each treatment was replicated six times, The larvae were obtained 

from four oviposition cages for each species, each containing a large 

colony of moths. The eggs were allowed to hatch on the oviposition 

surface. The larvae, upon hatching~ suspended themselves from the 
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oviposition surface by a fin.e thread~ and the large n.umbers so hanging 

provided an ample supply 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 rearing 

trays, at the various rates of infestation, wi.thout being touched. At 

the end of seven days the number of larvae still alive in each tray was 

recorded. The data were analyzed as a randomized block design as de­

scribed by s:teel and Torrie (1960) o 

The larvae that were sti11 alive in the six replicates of the 100-

larvae-per-carton treatment were then isolated in individual cells of 

polyethy1ene ice cube trays for the remainder of the larval cycleo The 

number pupating in each replicate was then recorded. 

Generation study 

A test was initiated at the beginning of this study to detennine 

the number of consecutive generations of each species that could be 

maintained in the laboratory on an artificial diet. Two hundred larvae 

from each generation of all 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 earwonn were reared in 3 1/2-

oz ice cream cups. The next three generations were reared in l by 3 3/4-

in. glass shell vials. The sixth arid all succeeding generations were 

reared in cells of polyethylene ice cube trays. 
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The first six generations of the fall armyworm were reared in 

3 1/2-oz ice 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 

1 by 3 3/4-in. 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 by 1.5 in. deep, were 

used for the eighth and succeeding generations. 

Information recorded for the generation study was~ the number of 

the generation, number of larv·ae started, percent survival, average 

number of days in the larv·al stage, and type of rearing chamber. 



A TEST WITH TOBACCO BUDWORM 

Establishment and development on grain sorghum 

Results~ discussion 

Data showing the results of the tobacco bud.worm. test are presented 

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

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

Infestation No. No. No •. living after Pu2ation 
rate plants larvae 6 days 12 days Number Percent 

5/plant 
Bud worm 10 50 0 0 0 0 
Earworm 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 established itself on the sorghum heads~ but the 

corn earworm.9 which was used as a check 9 had definitely become estab­

lished. Twenty-four, 14, and 10% of the corn earworm larvae survived to 

pupation at the 5-, 10-~ and 20-larvae-per-plant infestation rates, 

respectively. 

26 
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Although·Heliothis virescens is closely related to Heliothis ~, 

and both species can develop on certain species or plants, this test 

shows that H. virescens could not survive on grain sorghtllll plants or - ' 

the variety used. 



TESTS WITH C OBN 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 larvae started 

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

Diet No. Pu12ation Noo days in 
used larvae Number Percent larval stage 

Wheat germ 300 228 76 15.3 

Corn meal 300 63 21 18.S 

European corn borer 300 60 20 24o9 

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 9 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 replaced at weekly interv·als, and 

the cups not containing living larvae were discarded. Most of the lar­

vae reaching the third instar pupated, as will be demonstrated more 

clearly in a later test, 

The physical consistency or the four diets was very similar, 

which indicates that an inability 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. 

~ gn number SJI. larvae per rearing carton 

Results 

The results of the test to determine if several corn earworm lar­

vae could be successfully reared in one container are presented in 

Figure 1. An average of 1.3 larv·ae 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, 

JO, 40, and 50 larvae each, with respective pupation of l~S, 1.9, 2.1, 

and 2.2 pupae 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 analysis of variance showed that there were no significant 

differences in the number of pupae per carton at the .01 level of 

probability when 10~ 20, 30, 40, and 50 larvae were reared per carton. 
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Figure 1. Corn earworm pupation as related to numbers 
of larvae per carton when reared on artificial (wheat germ) 
diet. 
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Discussion 

The results or this test showed that 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 larv·ae, a high degree of cannib-

aliem occurred. This resulted in little more than one or two larvae per 

carton reaching the pupal stage, regardless or the infestation rate. 

These results indicate that corn earworm larvae should be isolated, at 

least during part of' thei.r larval cycle, which will be discussed more 

fully in a later test. 

Adult food test 

Results 

Although a few eggs were deposited by moths receiving no food, the 

average nUI11ber 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 treatments. 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). 

Avera?e no. eggs per female 

No 
food 

4 

10% 
honey 

406 

Adult diet 
10% 

sucrose 

456 

50% 
honey 

503 

50% 
sucrose 

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 number of eggs (545 per female), but that treatment was not 

significantly different from the 50% honey (503 per female) or 10% 

sucrose (456 per female) treatmen.ts. However, the mean was si.gnif'icantly 

greater than for the 10% honey treatment (406 per female). No signif­

icant differences were shown between the 10% honey, 10% sucrose, and 

50% honey treatments. 

Discussion 

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 li2 more than the average on 50% honey, 

and 89 more than 10% sucrose. Sucrose was less expensive, and honey 

was more difficult to measure and tended Jc.o crystali ze after extended 

storage. 

Oviposition test 

Results 

Data on the daily and accumulative oviposition rates of female 

corn earworm moths are presented in Figure 2. No eggs were deposited 

on the first and eighth days of the adult cycle, and 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 emergencey 

when an average 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 durfr1g the adult stage. 

Discussion 
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Most mating was observed on the first and second night after aduU, 

emergence, but some mating occurred 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 low-intensity light source provided for the 

moths. 
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As shown in F:1.gu.re 2, large num.be:rs of corn earworm eggs were. ob­

tained with the type ov:1.position cage described previously, and it was 

used in a11 subsequent tests with the corn earworm, 

Head capsule measurement study 

Results 

Data comparing the head capsule measurements of corn earworm 

larvae reared on grain sorghum and on an artificial 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 

capsule 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 on either diet. The instars could be identified by naked~eye 

observation after some experience •. 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 l9pidopterous larvae. On the basis of 

these data, it is evident that the artificial diet is satisfactory for 

growth and development of corn earworm larvae. 

Results 

Comparison ·Of life cycle on 

sorghum and artificial medium 

The results of the test comparing the life cycle of the corn earworm 
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on grain sorghum and artif.icial diet is shown in Table 4. Data 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 • 

.Average weight Average maximum Average days in 
Life gained .(g~ weight (gJ life 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 .21423 .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 .00005i~ .00005** 3.0 3.0 

Total 36.6 36.9 

* An average of 627 eggs laid per female with 88% hatch. 
1H* An average of 668 eggs laid per female with ?17% hatch. 

number of days required for completion of each life stage. The lar'l.rae 

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 to pupa 
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as it gained during the fifth instar. The change from pupa to adult 

resulted in even more weight loss. Statistical analysis as a paired 

experiment showed no significant difference in pupal weights, at the 

.Ol level of probability, when reared on sorghum or artificial medium •. 

The duration of each life stage was very similar on both diets. 

The larvae required 15.3 days on each diet, and the pupae 10.3 days on 

sorghum and 10.2 days on the artificial 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 days to 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 'i!!7% 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 that 

the insects would react similarly when placed on grain sorghums in the 

field or in a greenhousey larval rearing of the corn earworm on artif­

icial medium in the laboratory would be a satisfactory method of ob­

taining large numbers of this species for various tests on plant res­

istance, chemical control, or even possibly 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 artificial medium to sorghum at various inter-

vals in the larv·al 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 ~, 
at various intervals during the larval stage. 

·----·------------·---...-
Group l 

Da;ts fed on 
Nat. Art. 

Pupal weight Days in 
(mg) larval stage 

All 396 ! 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 397 ! 2 15.3 ! 0.1 

Group 2 

Da;rs fed on 
.Art. Nat • 

.All 396 ! 2 15.2 .! 0.1 

3 Remainder 397 + 2 15.3 ! 0.1 

6 Remainder 396 ! 2 15 .4 .! 0.1 

9 Remainder 3W + 
= 

2 15.2 .! 0.1 

12 Remainder 396 ! 2 15.2 + 
= 

0.1 
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all treatments were very similar, ranging from 396 ! 2 to .398 ! 2 mg. 

The length of the la:rva.1 cycle was also similar for all t:reat:ments, 

with a range of' 15.2 .! 0.1 to 15.4 ! 0.1 days. 

Discussion 

This test, along with the tes·t co:mpa::ring the Hfe cycle on the 

two diets~ iridice.tes thet co:r:n earwo:rms can be reared satisf'Mtorily 

in the laborato:ry on ar·tifioiis.1 diets f 01• use ii) ootldu¢ting 'Various 

experiments. .Also ll the i:nd:lt,,atio:n that the artificial d:l.et can be 

substituted :f'or natu..t'al food, and visa 11!':':;t:'S:e.r shows its practicability. 

This development makes pl1ssible the re1:J.:ring of thi~ i:t1sect f'o:r test 

purposes throughout the year. 

Pupal weights on the da.y of pupation were chosen as a criterion 

for the comparison)) because pupae are easy to hs.ndle 9 weight change 

is slight because they do not feed or deficate~ and they represent a 

definite stage in the life cycle of the insect. 'l'hese factors made 

it possible for a more uniform comparison. 

Mass rearing 

Results 

The survival of corn earworm larvae after seven days on artificial 

meditun as affected by numbers per rearing carton is presented in Figure 

4. The analysis of variance showed a sig.o.if'foar.i.t difference arnong 

treatments at the .01 leV'el of probability. The 100= 9 200~ and 300= 

larvae-per-carton infestation levels were each significantly diff,erent 

from all other treatments when ena.lyzed by the Dun.can I s new multiple 

range test. The 400= and 500-larvae=pe;t-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. 

n:ificantly differentl' but both were significant from all others. In 

Figure 4, the mean survival at the 200 infestation level is very near 

the theoretical mean based on the 100 level of infestation. The means 

for the higher levels of infestation drop more and more below the theor-

etical mean. At the 100 infestation leirel~ an average of 88 larvae per 

carton was alive after seven days. The survival rate had dropped to 



slightly more than half the total larvae started at the 400-larvae­

per-carton level, and less than half at the 500 level. 

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

carton level, and isolated in individual chambersj o/7.5% pupated. 

Discussion 
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It is hard to say which infestation level would be most desir­

able in rearing corn earworm larvae in large numbers. The mean sur­

vival at the 400 and 500 levels is not enough greater than the 300 

level to be practical. A higher percentage survived at the 100-larvae 

level of infestation, howeverj 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 probably be most desirable, si.nce the survtval 

at that infestation level was significantly higher than the 200 level. 

On the other hand, if plenty of space is available for rearing cham­

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 plateau is reached at about 

400 larvae per carton. Because of cannibalism, approximately the same 

:number of larYae should survive for one week at any infestation level 

above 4.00. 

Gener.ation study 

Results 

The results of the study of conse~utive generations of ·the corn 
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earworm on an artificial diet are presented in Table 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 surviv·ed 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 survival 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.l S:hell vials 

4 200 74.5 16.2 Shell vials 

5 200 65.0 15.9 Shell vials 

6 200 74.5 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 

12 200 77.0 15.2 Ice trays 

13 200 85.0 15.5 Ice trays 

14 200 76.o 15.8 Ice trays 

Average 200 72.5 16.1 

* Excessive yeast growth on artificial medium in rearing trays. 
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pupation. The average duration of the lar·rnl cycle was 16 .1 days. A 

she.rp reduction in the percent s1.ll~viv:al occurred in the seventh and 

eighth genere.t:i .. ons ~ dropping below 50% in the latter group. A sur­

vival rate of 91. 0% occurred in th<~ eleventh genera.ti on~ which was 

the highest throughout the study. 

Discusi.sJ2n 

Little difference was found i.n the survival rate and length of 

the larval cycle when the corn earwo:rm was reared in 3 1/2-oz ice 

cream cups~ glass shell vials~ or polyethylene ice tra;y-s. The ice 

cream cups were used to rear two generations~ but were fo1.md to be 

undesirable, because the larval f'ood had to be reple.oed weekly. Dry­

ing of the medium made it undesirable for the larvae. The shell vials, 

stoppered wi.th cottonJ were then used to rear three generations a The 

medium did not have to be rep1aced durtng the 1arval cycleJ but much 

labor was involved in c1eaning and sterilizing the viaJ.s. .Al.so it was 

difficult to remove the pupae from the vials without :injury. Poly­

ethylene ice trays were used to rear the remaining genere.tions. Ex­

cessive drying of the medium was prevented by their use~ and they were 

easy to clean. Pupae were easily removed from the individual eel.ls of 

the trays. 

The reduced pupation rate in the seventh and eighth generations 

was due to excessive yeast growth on the artific::l.al med:turn in the 

rearing trayso Beginning with the ninth generation 9 100 g of $,gar 9 

instead of 90 g~ and 2900 ml of water~ rather thB.n 3100 m1 9 vre:r·e used 

in making the medium. This result,ed in a somewhat dr:i.e:r·, more solidjl 

medium which seemed to be u,.v1favorable for g:C'owth of yeast organisms. 

The survival rate increased to normal after these mod:ific:atiom, were madeo 



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 9 84% survived through 

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

Diet No. Pu12ation No. days in 
used larvae Number Percent larval stage 

Wheat germ 300 251 84 15.0 

Corn meal 300 76 25 18.2 

European corn borer :300 3.3 11 21.3 

Powdered corn leaf .300 6 2 24.1 

pupation after spending an average of 15.0 days in the larval stage. 

That was undoubtedly the most satisfactory diet used, since the next 

highest survival rate was 25% on the corn meal diet. Some larv·ae 

were able to develop on the European corn borer and powdered corn 

leaf dietsj but the survival rates were very low 9 being 11 and 2%j 

respectively. Alsoj the duration of the larval stage on the corn meal, 

44 
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European corn borer, and powdered corn leaf diets increased by 3.2j 

6.3, and 9.1 days, respectively, over those reared on the wheat germ 

diet. 

Discussion 

Some nutritional factor necessary for fall armyworm larval de­

velopment seemed to be lacking in the corn mealll 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 

Results 

Figure 5 shows the results of the test to determine if several 

fal1 armyworm larvae could be reared 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 armyworro larvae should not be 

reared in the same rearing chamber throughout the larval cycle. Low 
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Figure 5. Fal1 armyworm pupation as related to numbers 
of larvae per carton when reared on artificial (wheat geTI!l) 
diet. 

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

servation of the larvae under crowded conditions showed that they would 

att1;3.ck and devour each other without provocation as if their sole pur-

pose was to obtain food. This also occurred when a generous supply of 
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the artificial diet was available to sev·eral larvae in one container. 

It appears that, regardless of' the infestation level, an average of' 

only one or two larvae will survive in one container. 

Adult food test 

Results 

Some oviposition occurred where the moths reoe.:!.ved no food, but 

an average of' only nine eggs per female was laid. The analysis of' 

v·arianoe showed a significant difference at the • 01 level of' probab­

ility in the number of' eggs le.id per moth when re·d on the various 

diets. The Duncan's new multiple range test (Table S) shows that 

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

Average no. eggs per female 

No 
food 

9 

Adult diet 
10% 10% 

sucrose honey 

547 591 

50% 
honey 

592 

50% 
sucrose 

632 

Those mean numbers not connected by the same line are signif­
icantly different at the .01 level of' probability. 

average to be significantly lower than the averages for all other 

treatments. The means for the 10% sucrose, 10% honeyj 50% honey, and 

50% sucrose treatments were 547, 591~ 592, and 632 eggs 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, 

which was al!n.ost signifi.cant at the .01 level of probability. Also, 

honey is more difficult to hs.ndle ~ and has a tenden.cy to crystalize 

after being stored for extended periodso 

Oviposition test 

Results 

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

accumulative oviposition rates of female fall a:rm.yworm. moths are given 

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

of the adu1ts' life. Averages 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 1aid. 

Discussi.on 

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 capsu1e measurements of fal1 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 pJotted on semi-logarithmic 

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

Jiesults 

Comparison of life cycle on 

sorghum and artificial medium 

Data comparing the 1if e cycle of the fall arm;yworm on grain 

sorghum and artificial medium diets are presented in Tab1e 9. 

On both diets the sixth instar larvae gained more weight than the 

combined weight gain of the first five instars. The larvae gained 

weight until the sixth instar larvae began to prepare for pupation. 

The maximum weight for the pupae on both diets was slightly less 

50 
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. Table 9. Fall armyworni development on natural (grain sorghum) 
and artificial (wheat germ) diets. 

Average weight 
gained (gl 

Average maximum 
weight (gl 

Average days in 
Life life stage 
stage Nat. Art. Nat. Art. Nat. 

Larval 
instar 

1 .00036 .00033 .00041 .00038 3.8 

2 .00250 .00272 .00291 .00310 2.0 

) .01675 .00694 .01966 .01004 1.9 

4 .03014 .03931 .049S0 .04935 1.6 

5 .11324 .11085 .16304 .16020 2.0 

6 .37227 ,35507 .53531 .51527 ;.1 

Pupa -.29721 -.28063 .24810 .23464 10.1 

Adult -.03519 -.03805 .21291 .19659 7 .5 

Egg .00005* .00005** 3.0 

Total 35.0 

* An average of 849 eggs laid per female with 83% hatch. 
*~t An average of 868 eggs laid per female with 81% hatch. 

'Art. 

3.0 

2.2 

1.1 

2.2 

2.0 

4.4 

10.2 

7 .5 

3.0 

35.6 

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 life stage.in days on 

sorghum and medium, respectively, was: larira, 14.4 and 14.9; pupa, 

10.1 and 10.2; adult, 7 .5 and 7 .5., and egg, .3.0 and 3 .• 0. The aver-

age total number of days in the life cycle 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 artificial diet-reared moths 

laid an average of 868 eggs each, with an 81% hatch. 

The pupa1 weights on the day of pupation were analyzed as a 

paired experiment. The analysis showed no significant difference 

at the ,01 level of probability in the weights of pupae reared on 

the two di.ets • 

Discussion 

The sorghum-fed and artificial diet-fed fall armyworm had sim­

ilar life cycles. If the insect would react similarly when pl.aced 

on field- or greenhouse-grown sorghum, the artificial method of lar­

val rearing wou1d be satisfactory for producing them in. large numbers 

for various testso 

Pupal 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 artificial 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 

the highest 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 life cycles on the 
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Table 10. The effects of changing the larv·al food of the fall 
armyworm from natural (sorghum) to artificial (wheat germ), and vi§a 
~, at various intervals during the larval stage. 

qroup 1 

Days fed on Pup~l weight Days in 
Nat. · Art. (mg) larval stage 

All 243 ! 2 14.9 :!.: 0.1 

3 Remainder 244 :!.: 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 14.9 ! 0.1 

Group 2 

_Days f'ed OlL. 
Art. Nat. 

All 244 :!.: 2 15.0 ! 0.1 

3 Remainder 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 rearing the fall armywo:rm on an artificial 

medium would be an acceptable method of obtaining large numbers of this 

species for various studies. The larvae could be transferred to sor-

ghUlll from the artificial diet at any time during the larval cycle 

without affecting the life cycle. 
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Mass rearing 

Results 

Data showing the survival of fall armyworm larvae after one week 

on artificial medium as affected by numbers per rearing carton are 

presented in Figure 8. The analysis of variance showeq that there was 

a significant difference among treatments at the .01 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 mean (Figure 8), based on the 100-larvae treatment, 

is 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-larvae level. The observed means 

at the 300, 400, and 500 levels are much lower than the theoretical 

means. At the 100-larvae-per-cartori level, an average of 92 of the 

100 1arvae started in each con.tait:1.er survived for one week, for a 92% 

survival. At the 500-larvae-per-carton infestation lev·el, 2.30 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 indhidual chambers, 98% pupated. 

Discussion 

The infestation level to use in the mass production of the fall 

armywonn 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, 1t may be more desirable to use an infestation 
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level that will give a higher survival percentage. 

The mnnber of le.rvae survi.v'ing in one carton began to level off 

at the 400-larvae infestation level. This indicates that crowding 

prevents little more than a certain number to survive when the infest­

ation rate is above the 400-larv·ae level. 

Generation study 

Results 

Data on the consecutive number of generations of the fall armyworm. 

reared on an artificial diet are presented in Table 11. Seventeen con­

secutive generations were reared in the laboratory, with an average of 

82.5% of all larvae started surviving through pupation. The larvae 

required an average of 15.1 days to complete the larval cycle. 

Excessive yeast growth occurred on the artifici.al medium in the 

rearing trays during the eleventh and twelfth generations. However, 

this did not affect the survival percentage. In fact, the highest 

survival rate durin.g the entire stu.dy (93 .0%) occurred in the twelfth 

generation. 

Discussion 

The type of reari.ng chamber used for fall armyworm. larvae seemed 

to have little or no effect on the survival rate or length of' the life 

cycle. For rearing the first six generations, 3 1/2-oz 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. Alsoj the cups cost approx­

imately one cent each and had to be discarded after each larval cycle 
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Table 11. Results of the consecutive generation study of the fall 
armyworm on artificial (wheat germ) diet. 

Number Percent Days in Rearing 
Generation started survival larval stage chamber 

1 200 80.0 15.5 Ioe cream cups 

2 200 70.0 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.o 14.9 Ice cream cups 

6 200 74.5 14.8 Ice cream cups 

7 200 82.5 14.9 Shell vials 

8 200 84.5 15.0 S:hell v'ials 

9 200 85.0 15.l Shell v'ials 

10 200 89u0 14.9 Ice trays 

11 200 86. 5~f 15.3 Ice trays 

12 200 93 .o,t 15.6 Ice trays 

13 200 86.o 14.8 Ice trays 

14 200 82.0 14.9 Ice trays 

15 200 90.0 14.9 Ice trays 

16 200 Pr/ .5 15.0 Ice trays 

17 200 Sl.5 15.0 Ice trays 

Average 200 82.5 15.l 

* Excessive yeast growth on artificial medium in rearing trays. 

was completed to prevent contamination. The seventh, eighth 9 and ninth 

generations were reared in glass shell vials. It was not necessary to 



59 

replace the medium in these vials during the larval cycle, but cleaning 

and sterilizing the vials involved a great deal of labor. Pupae were 

also difficult to remove from the vials without injury. Polyethylene 

ice cube trays were used to re&cr generations 10 through 17. Excessive 

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

wormj 100 g of agarj rather than 90 g~ and 2900 ml of water, rather 

than 3100 ml, were used in the diet. This alteration in the medium 

made it drier and more solid, whi.ch reduced yeast growth. Since it 

was necessary to use the modified diet for the corn earwonn, which was 

affected by yeast, and in order to prevent the making of two different 

diets, the modified diet was also mrnd for the fs.11 armyworm, Tbe 

drier diet did not appear to affect the insects 1 deve1oprrent. 



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 7~ of these larvae survived 

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

Diet No. Pu12ation No. days in 
used larvae Number Percent larval stage 

Wheat genn .300 2.36 79 19 • .3 

European corn borer .300 201 67 20.6 

Powdered corn leaf .300 52 17 24.9 

Corn meal .300 12 4 26.0 

through pupation after spending an average of 19 • .3 days in the larval 

stage. The European corn borer diet, with 67% survival 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. 
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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 

obtai ned in similar tests on corn earworm and f all armyworm. In this 

latter case, the powdered corn leaf medi um gave the poorest results. 

Most of the southwestern corn borer larvae fed the corn meal and pow­

dered corn l eaf diets di ed during t he f i rst week of t he larval stage. 

Test on number of larvae per rearing carton 

Results 

Data on t he determination of the number of southwestern corn 

borer l arvae 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 .01 level of probability. 

The Duncan's new multiple r ange test showed that each of the 10-, 

20-, and JO-larvae-per-carton infestat ion l evel s was significantly 

different from all other treatments. The 40- and 50-larvae levels ~ere 

not significantly different from each other, but each is significantly 

diff erent from the other three. 

The observed mean survival at the 20- and 30-larvae levels were 

only s l i ght l y below t he t heor etical mean based on the 10- l arvae-per­

carton level, but the 40- and 50- larvae levels began to f all f art her 

below the t heoretical mean. 
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Figure 9. S:outhwestern corn borer pupation as. related 
to numbers of larvae per carton when reared on artificial 
(wheat germ) diet. 

Discussion 

Due to their lack of cannibalistic habits, it was possible to rear 

southwestern corn borer larvae throughout their larval 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 

cartonj since the observed mean was very close to the theoretical mean 

at those levels. 
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Oviposition test 

Results 

Data on the daily and accumulative oviposition rates for the south­

western corn borer are presented in Figure 10. This species did not 

begin to oviposi t until the second day after emergence, when an av·erage 

o:f' only six eggs each were laid. Peak egg production was reached 

on the fourth day, when 95 eggs per female were laid. The acct'Dllulative 

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. Daily 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, 

since 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 larvae 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

arated 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 1s rule (Dyar,1890) 0 

Results 

Comparison of life cycle on 

sorghum and artificial medium 

Data on the life cycle of the southwestern corn borer reared on 
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sorghum and artificial 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 .441.Cfl 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 maximum Average 
Life gained (gl weight (gl life 
stage Nat. Art. Nat. Art. Nat. 

Larval 
in star 

1 .00028 .00030 .00033 .00035 3.5 

2 .00588 .00611 .00621 .00646 3.0 

3 .04506 .04490 .05127 .05136 3.0 

4 .19972 .20026 .25099 .25162 3.0 

5 .14799 .14937 .39898 .40099 3.0 

6 .08902 .04008 .43800 .441.Cfl 3. 9 

Pupa -.20979 -.21188 .22821 .22919 9.5 

Adult -.02273 -.02204 .20548 .2Cf115 5.8 

Egg .00005* .00005-1(·* 5.0 

Total 39.7 

* An average of 218 eggs laid per f emale with 90% hatch. 
** An average of 229 eggs laid per female with 89% hatch. 

days in 
stage 

Art. 

3 .4 

3.0 

3.0 

3.0 

3.0 

3.9 

10 .1 

6.0 

5.0 

40.4 
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the day of pupation was the criterion for statistical analysis. The 

analysis was made as a paired experiment, and no significant differ-

ence was observed at the .01 level of probability. 

The average number of days spent in each life stage was very sim­

ilar on sorghum and medium, being respectively: larva, 19,4 and 19,3; 

pupa, 9.5 and 10.1; adult, ;.sand 6.0; and egg, ;.o and ;.o. The 

total length of the life cycle on sorghum was 39.7 days, and for the 

artificial diet 40,4 days. 

Moths reared from sorghum laid an average of 218 eggs each with 

9(Jf, of them hatching. Those reared from the artificia] diet laid an 

average of 229 each, with an 89% hatch. 

Discussion 

The results indicate that the artifjcial-diet method of rearing 

southwestern corn borer larvae would be satisfactory for obtaining 

large numbers of lar~ae. They reacted so similarly on t he two diets 

that both seem to contain all the needed requiremey,ts fo:r growtl-i 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 southwest ern corn borer larvae at various intervals 

during the larval cycle are presented in Table 14. The average pupal 

weights were very s imilar on t he var ious treatments. They r anged 

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 J!iru!: ~, at various intervals during the larval stage. 

Group 1 

Da;y:s f'ed on Pupal weight Days fn 
Nat. Art. (mg) larval st.age 

All 228 .:t 1 18.0 ! 0.1 

.3 Remainder 228 .:t 1 18.9 ! 0.1 

6 Remainder 229 ! 1 19.0 ! 0.1 

9 Remainder 228 .:t 2 19.1 ! 0.1 

12 Remainder 228 ! 1 19.0 ! 0.1 

15 Remainder 229 ! 1 19.1 ! 0.1 

Group 2 

Da;2:s fed on 
Art. 

I 

Nat. 

All 228 .:t 1 19.0 !: 0.1 

.3 Remainder 227 ! 1 19.2 ! 0.2 

6 Remainder 228 :t 1 19.1 ! 0.2 

9 Remainder 228 ! 1 19.0 ! 0.2 

12 Remainder 228 ! 2 18.9 .:t 0.2 

15 Remainder 229 ! 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 life cycle on the two 

diets indicate that 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. 

Generation study 

Results 

Data on the consecutive generations of the southwestern corn borer 

reared on an artificial diet in various rearing chambe r s is presented 

in Table 15. This species was reared for 12 consecutive generations 

on artificial medium. There was only 50.5% survival in t he twelfth 

generation, and no fertile eggs were laid by the females. 

An average of 6S.5% of all larvae started on the diet survived 

through pupation after spending an average 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 trays which were tried as rear­

ing chambers 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 length 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 larvae chewed through t he 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 Days in Rearing 
Generation started survival larval stage chamber 

1 200 70.0 19.9 Shell vials 

2 200 76.0 19.4 Shell vials 

.3 200 74.5 19.6 Shell vials 

4 200 48 .Oi~ 19.1 Ice cream cups 

5 200 79.5 20.0 Shell vials 

6 200 81.5 19.4 Shell vials 

7 200 5.3.0* 19.4 Ice trays 

8 200 59.0** 19.6 Sandwich boxes 

9 200 76.0 19 • .3 Sandwich boxes 

10 200 85.5 19.9 Sandwich boxes 

11 200 67 .o 20.3 Sandwich boxes 

12 200 50.5*** 20.9 Sandwich boxes 

Average 200 68.5 19.7 

* Several l arvae chewed out of the r earing 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 i n 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 r ate 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 reared satisfactorily using the techniques described prev­

iously. 



GENERAL SUMMARY AND CONCLUSICNS 

The tobacco budworm, Heliothis virescens (F.), failed to develop 

on grain sorghum when sorghum plants 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 and 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 ~ (Boddie), 

the fall armyworm, Laphygma frugiperda (J.E. Smith), and the south­

western corn borer, Zeadiatraea 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, JO, 40, and 50 larvae per 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 
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either 10 or 5(1/, honey, or 10 or 50% sucrose solutions. The highest 

numbers of eggs were obtained from moths fed 5(1/, 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 six days. 

No significant differences in head capsule widths in the several 

instars 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 art ificial diet. 

When corn earworm, fall armyworm, and southwestern corn borer 

larvae were fed on sorghum or the artificial di et, 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 larval diet 

from sorghum to artificial medium or from artificial medium t o sorghum, 

at various intervals in the larval cycle, had l ittle effect on the pupal 

weights or duration of the larval cycle of t he corn earworm, fall army­

worm, or southwestern corn borer. 

The corn earworm and fall 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 isolated 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 artificial diet with 

no apparent 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, larv·ae, pupae, and adults of the corn earworm, fall 

armyworm, and 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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