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CULTURE AND NUTRITIONAL REQUIREMENTS OF
SOD WEBWORMS ON A MERIDIC DIET

(LEPIDOPTERA:PYRALIDAE:CRAMBINAE)

INTRODUCTION

The development of synthetic diets for rearing of insects has

become a subject of great interest in the last ten years and is the

basis of many research efforts (Cartier, 1968). The nature of the

nutritional requirements of insects (Trager, 1953) must be deter-

mined before the relationships of plant-feeding insects and their hosts

can be fully understood (Friend, 1958). For many insects, host spe-

cificity, host preference, and host plant resistance can be studied

separately by using artificial diets (Kennedy, 1956; Cartier, 1968).

Despite the existing knowledge of the nutritional requirements of in-

sects, diets often must be formulated to meet the requirements of

a particular insect (House, 1966). For example, attempts to rear

sod webworms on a synthetic diet developed for other insects were

not satisfactory (Ward and Pass, 1969).

This paper describes experiments in rearing sod webworms on

meridic diets. The classical deletion method was used to develop a

diet for the rearing of Crambus trisectus (Walker). In addition, a

technique was developed for rearing the crambid, Euchromius ocellus

(Haworth).
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REVIEW OF LITERATURE

Various terminology has been used to describe artificial diets

for rearing insects depending on the purity and the constituents of

the diet. Dougherty (1959) suggested "holidic" for diets using only

pure chemicals and "meridic" for diets containing one substance of

unknown structure, but of known chemical class, e.g., protein or

carbohydrate. These terms were not widely accepted by other work-

ers since a diet containing agar would be meridic (Dougherty, 1959)

although agar has doubtful importance as a nutrient and is obtainable

in sufficient purity to permit the study of many other nutrients

(Vanderzant, 1966). The presence of trace elements in refined

chemicals (Gorden, 1959) conflicted with the Dougherty (1959) term

"meridic." Steinhaus and Martignoni (1962) defined a meridic diet

as one in which chemical classes are known but the chemical com-

pounds comprising the classes are not structurally defined. A diet

containing wheat germ as a basic constituent might be termed "me-

ridic" since the various chemical groupings such as fat, protein, and

carbohydrate were determinable on a percentage basis (Table V).

Wheat germ has been used widely for diets and thus offers some

measure of standardization through repeated and varied studies with

many insects. Furthermore, a specific chemical group may be ex-

tracted from wheat germ, the compounds making up the group
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determined, and then using these compounds as replacements for

the heterogenous natural group, specific requirements may be stud-

ied (Chippendale, Beck, and Strong, 1964).

Casein has been used as the protein source for many diets be-

cause it contains all the essential amino acids and may be obtained

in highly purified form and in different degrees of hydrolysis (Vander-

zant, 1966). Casein may be supplemented with amino acids (Vander-

zant, Kerur, and Reiser, 1957; Rock, Patton, and Glass, 1964) or

with proteinases (Waldbauer, Yamamoto, and Bowers, 1964; Dadd,

1961b). Diets may include other protein sources such as wheat germ

(Adkisson et al., 1960; Berger, 1963) or other parts of plants

(Ignoffo, 1963). Dry beans (Shorey and Hale, 1965) or soy flour

(Levinson and Gothiff, 1965) are often used as the source of protein

instead of casein. Indeed, the ultimate source of protein in diets

would be pure amino acids (Ishii and Hirano, 1955; Vanderzant, 1957).

The suitability of the protein source in an insect diet may be deter-

mined by the examination of growth rates (Vanderzant, 1966), tissue

analysis (Ishii and Hirano, 1955) or by indirect means such as the

use of labelled compounds (Kasting and McGinnis, 1962).

Carbohydrates have been used in many insect diets. Common

sugars were found to be satisfactory for laboratory rearing of many

phytophagus insects (Vanderzant, 1966). Starches and sugar alco-

hols were satisfactory for growth in some experiments (Dadd, 1960b),
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whereas in others the stimulatory effect of sugar resulted in better

growth (Vander zant, 1966). Ishii, Azim, and Hirano (1959) found

the same requirements for sugar in both early and late stages of

larval life in one species. Of 76 diets used to rear Lepidoptera only

four did not include sugar as a constituent (House, 1967); three diets

relied on the carbohydrate portion in soybeans (Tamaki, 1966) and

lima or pinto beans (Shorey, 1963; Shorey and Hale, 1965). Observa-

tion of the rate of growth (Vanderzant, 1966), and the insect's feeding

behavior (Dadd, 1960a; Beck, 1956) are two means for determining

the satisfactory carbohydrate in a diet.

Sterols have been an essential dietary component for all insects

thus far examined (Fast, 1964). According to Vanderzant (1966), in-

sects are not able to synthesize the nucleus of the sterols, although

an insect may be very efficient in converting one type of sterol to

another type (Levinson, 1962). It is evident that considerable inter-

conversion of sterol types can occur (Fast, 1964). Poor growth may

be a sign of a sterol problem since phytosterols may serve as feeding

stimulants (Ito et al., 1964). Bioassay (Bergmann and Levinson,

1958; Levinson, 1962), labelled carbon (Clayton, 1960; Clements,

1959), gonadal maturation and egg production (Robbins and Shortino,

1962) have been used to determine the sterol requirements in some

insects. Dietary lipids other than sterols show no general require-

ment pattern (Fast, 1964). A lack of fatty acids prevents normal
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pupation and improper wing development (Chippendale, Beck, and

Strong, 1964). Marginal levels of fatty acid in a diet may result in

similar effects at high rearing temperatures (Grau and Terriere,

1967; Schafer, Grau, and Terriere, 1968).

The requirement for B- vitamin is universal in animals (Vander -

zant, 1966). The effects of deficiencies of other vitamins such as

Vitamin A may be shown by reduced melanization (Dadd, 1961a), or

by lack of growth or retarded growth (Ishii and Urshibara, 1954;

Friend and Patton, 1956). Chemical analysis has shown that most

insects contain ascorbic acid (Dadd, 1960c), even when the diets

on which the insects were fed did not contain the vitamin (Vanderzant

and Richardson, 1963). The lack of ascorbic acid can seriously affect

reproduction (Vanderzant and Davich, 1961). Microorganisms are an

excellent source of vitamins if present in the diet or in the insect

(Vanderzant, 1966). Brewer's yeast is commonly used as a vitamin

source by most of the workers (House, 1967), although successful

diets have contained vitamin preparations (Riddiford, 1968; Chippen-

dale, Beck, and Strong, 1965; Vanderzant and Reiser, 1956).

Other constituents include minerals which are usually furnished

by a commercially available salt mixture. Antibiotics, sorbic acid,

formaldehyde, and other chemicals are used to prevent growth of

microorganisms and thus permit studies using non-aseptic conditions

(David and Gardiner, 1 965; Shorey, 1963; Shorey and Hale, 1965).
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MATERIALS AND METHODS

Insects

The following four species of sod webworms were used in arti-

ficial diet studies: Crambus bonifatellus (Hu 1st), Crambus trisectus

(Walker), Crambus topiarius Zeller, and Euchromius ocellus (Ha-

worth). C. Bonifatellus, C. topiarius, and E. ocellus were taken

from natural populations near Corvallis, Benton County, Oregon.

C. trisectus was obtained from Wankers Corner, Clackamas County,

Oregon, and Urbana, Champaign County, Illinois. The strain of

C. trisectus from Urbana, Illinois, was obtained from Dr. A. C.

Banerjee.

Dr. J. A. Kamm identified all species except E. ocellus, which

was identified by Dr. R. W. Hodges for the Insect Identification and

Parasite Introduction Research Branch, USDA, ARS.

The insects were reared in a windowless, air-conditioned room

at an average daily temperature of 22o C with occasional fluctuations.

Lighting was provided by two double-tube fluorescent fixtures, mount-

ed on metal frames and controlled by a time clock to give a 16.5-hour

photophase. Eggs were incubated on moist blotter paper in stacking

culture dishes. Larvae were reared in various types of containers

and the diet was presented to the larvae in various ways. The rear-

ing methods are described in detail in the results section, since they
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were part of the experimental variables. When larvae pupated, the

pupae were transferred from the rearing containers into stacking cul-

ture dishes. The adults were caged in round, plastic containers,

10 x 15 cm high, which had had the ends cut out and replaced with

window screening to allow easy collection of the eggs. The cages

had holes in the sides which were fitted with cork stoppers. These

holes permitted the easy addition of adults and the provision of a

honey-water solution.

Diets

The criteria used for the selection of candidate diets were the

nutritive constituents and the relative proportions of the constituents.

Four diets were chosen: Bot, 1966; Riddiford, 1968; Vanderzant,

Richardson, and Fort, 1962; and Shorey and Hale, 1965. Table 1

shows comparative amounts of the ingredients of each diet as grams

per 100 grams of diet.

Most of the diet ingredients were supplied by Nutritional Bio-

chemicals Corporation, Cleveland, Ohio. The ingredients from

Nutritional Biochemicals Corporation were obtained both as indi-

vidual compounds and as prepackaged blends of vitamins ("Vander-

zant' s Vitamin Mixture for Insect Diets'') and a mixture of wheat

germ, casein, sucrose, alphacel and salts ("Vanderzant Adkisson

Wheat Germ Diet"). Van Waters and Rogers Company, Portland,



Table 1. Comparative amounts of ingredients in insect diets expressed as grams per 100 grams of diet or ml of percent solution.

Ingredient

Diet (gram/mg/100 g)
Bot

(1966)
Shorey and Hale

(1965)
Riddiford

(1968)
Vanderzant, Richardson,

and Fort (1962)

Agar 1.9 g 1.26 g 2.55 g 2.5 g
Water 79.5 g 63.18 g 83.4 g 85.0 g
Pinto beans, soaked - 31.59 g - -
Brewer's yeast 7.93 g 3.16 g -
Wheat germ 8.25 g 2.94 g 3.0 g
Casein 1.27 g - 3.43 g 3.5 g
D sucrose - 3.43 g 3.5 g
Salts, Wesson's - - 0.98 g 1.0 g
Alphacel - - 1.47 g -
Cholesterol 0.032 g - 0.05 ga -
beta-Sitosterol - - 0.05 ga.
Linseed oil - - 0.05 ml -
Methyl para-hydroxybenzoate 0.41 g 0.2 g 0.18 g 0.2 g
Sorbic acid 0.1 g 0.24 g 0.2 g
Formaldehyde - 0.2 ml (37% soln. ) 0.1 ml (37% soln. ) -
Aureomycin - - 0.05 g
Kanamycin sulfate - - 0.014 g
KOH, 10% - - 0.98 g -
Ascorbic acid 0.79 g 0.32 g 0.4 g 0.4 g
Biotin - - 0.00002 g 0.00002 g
Calcium pantothenate - - 0.0012 g 0.001 g
Choline chloride 0.06 g - 0.1 g 0.1 g
Folic acid - - 0.0003 g 0.00025 g
Inositol 0.03 g - 0.015 g 0.02 g
Niacinamide - - 0.0012 g 0.001 g
Pyridoxine HC1 - 0.0003 g 0.00025 g
Riboflavin - 0.0006 g 0.0005 g
Thiamine HC1 0.0003 g 0.00025 g
Vitamin 812 - 0.000002 g 0.000002 g
a Riddiford (1968) uses either cholesterol or beta-sitosterol 00
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Oregon, supplied the methyl para-hydroxybenzoate. The pinto beans

were "Dundee" brand dried pinto beans. The linseed oil, formalde-

hyde, and KOH were provided by OSU Chemistry Stores. The wheat

germ oil was "Rex" brand supplied by VioBin Corporation, Monticello,

Illinois, who also supplied an analysis of it (Table VII). The aureo-

mycin and kanamycin sulfate were purchased in capsules from a local

pharmacy and were marked "Leder le" and "Bristol, " respectively.

Tap water was used as a diluent.

A grass diet was used as a control treatment in some experi-

ments. All grass used was Chewings fescue, Festuca rubra var.

commutata(Guad.), grown in a greenhouse under a 16-hour photophase.

Container s

The following six types of rearing containers were used: 1.

Three-fourths fluid ounce paper cups with cardboard tab lids (Dixie®

sample cups); 2. Three-fourths ounce plastic cups and plastic lids

(Thunderbird Containers Inc., El Paso, Texas); 3. Shell vials, 22 x

96 mm ID, with cotton plug stoppers; 4. Stender dishes, 5 x 2.5 cm,

with glass lids; 5. Plastic freezer cartons with plastic lids, 500 cc

capacity; and 6. Glass stacking culture dishes, 10 cm x 4 cm high.

Diet Modification and Preparation

The ingredients of the experimental diets differed in some
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respects from those given for the original diets. Granulated agar

was used in place of powdered agar. The genus and speices of yeast

in the brewer's yeast was not known as cited in Bot (1966) for the

formulation. The formaldehyde used was a 37% solution instead of

the 40% solution used by Shorey and Hale (1965). The "Vanderzant

Vitamin Mixture for Insect Diets" also contained alpha-tocopherol

which was not included in Riddiford's diet (1968) and the "Vanderzant

Adkisson Wheat Germ Diet" contained alphacel which was not present

in the diet of Vanderzant et al. (1962).

The following procedures used in preparation of the diets were

slightly different from those described for the original diets. Pre-

cautions were taken to protect heat-sensitive ingredients and to mix

the ingredients thoroughly. Agar was added to water and melted in

a hot water bath and then cooled to 70°C before use. Formaldehyde

and KOH solutions were placed in a Waring blender and then the 70°C

agar solution was added. Dry ingredients, which had been previously

measured and placed in a plastic freezer container, were poured

from the container into the blender. Various chemicals were used

to prevent growth of microorganisms in the diet. Vitamin and lipid

solutions were pipetted into the blender. After thorough mixing, the

liquid diet was poured into 500 cc rectangular, plastic freezer con-

tainers to cool, solidify, and evaporate condensation. Then, the

containers were capped and stored in a refrigerator.
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The ingredients and preparation of the four diets are shown in

the Appendix (Table I, II, III, IV). Each diet name (Bot, 1966;

Shorey and Hale, 1965; Riddiford, 1968; Vanderzant et al., 1962)

is preceded by the word "adapted" in the tables cited in the Appen-

dix and in each instance hereafter to denote a preparation conform-

ing to these tables. Furthermore, the convention of nomenclature

employed will not cite a date, e. g , Adapted Bot Diet.

To conduct an experiment, the solid diet was removed from the

storage container, blotted dry with a paper towel, and sliced into 1 cc,

2 cc (1.26 x 1.26 x 1.26 cm), or 8 cc (2 x 2 x 2 cm) cubes. Larvae

were transferred with a camel hair brush into rearing containers and

a cube of diet was carefully added so that physical contact of diet cube

to larvae was avoided. Diet cubes were removed at three-day inter-

vals and fresh cubes provided. This method was followed using 3/4

oz. paper cups, one larva per cup unless otherwise specified.

Chewing fescue was used as larval food in some experiments

following a modification of Bohart's (1947) methods. Fresh leaves

of Chewings fescue were placed into Stender dishes on a piece of

moist blotter paper which lined the bottom of the dishes. At two to

three day intervals, the old grass was carefully removed and fresh

grass provided. Stender dishes were checked daily and water added

as needed to keep the blotter paper moist.
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RESULTS

Preliminary Experiments

The experiments in this section were designed to determine the

proper type of containers and the suitability of different diets as

larval food for rearing sod webworms. In the first experiment, an

attempt was made to rear C. topiarius on four adapted diets (Table I,

II, III, IV) using shell vials or 3/4 oz. plastic cups as rearing con-

tainers. One egg was placed in each container along with a 2 cc

cube of diet. Although the results varied among diets, mortality

was so extensive (Table 2) it was suspected from observation of

vials that vapors from large cubes may have had an ovicidal effect.

Kishaba et al. (1968) reported a similar effect, attributable to mi-

crobial inhibitors, for another species. The experiment was ter-

minated since mortality (Table 2) was high among larvae that hatched.

Table 2. Effect of four diets on egg viability and larval survival of C. topiarius using shell vials
and plastic cups as rearing containers.

Container Treatment
Number of Eggs

Number of surviving
larvae at end of

three daysTotal Hatched

Shell vial Adapted Riddiford Diet 40 24 4

Shell vial Adapted Bot Diet 40 10 5

Shell vial Adapted Vanderzant et al. Diet 40 33 20

Plastic cup Adapted Shorey and Hale Diet 25 4 0

Stender dish Chewings fescue 67 58 58
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In a similar experiment, an attempt was made to rear E. ocel-

lus on the four adapted diets. The size of a cube of diet was reduced

to 1 cc in order to reduce vapor diffusion from the diet. The shell

vials and plastic cups used in the previous experiment were replaced

with 3/4 oz. paper cups to allow the escape of vapors, in this experi-

ment and all experiments hereafter. Newly-hatched larvae were

used in place of eggs. The results of attempts to rear 40 larvae on

each diet were:

Diet
Number of

Normal Adults

Adapted Bot 31

Adapted Riddiford 14

Adapted Vander zant et al. 7

Adapted Shorey and Hale 25

Based on the number of normal adults produced, the Adapted

Bot Diet was superior to the other three diets for this species of

insect. Growth proceeded uniformly on B diet and most of the larvae

entered pupation at about the same time. The pupation period was

uniform and the adults were indistinguishable in appearance from

specimens collected in nature.

Another experiment with E. ocellus confirmed my suspicion

that vapors from the diet were toxic to small larvae. The Adapted

Bot Diet was presented to each larva either as a 1 cc or an 8 cc cube

with each size of cube replicated 40 times. At the end of 21 days,
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34 of 40 of the larvae presented with 1 cc cubes had survived and

pupated, with all 34 pupae transforming to normal adults (Table 3).

Over one-half of the group presented with 8 cc cubes died within three

days and the treatment was terminated. Successive generations of

E. ocellus were reared on 1 cc cubes of the diet to determine how

long the culture could be sustained. Several hundred third and fourth

generation larvae were also used for other purposes. An apparent

decline was observed in the fourth and fifth generations, and in a

sixth generation experiment only 12 of 40 larvae (30%) survived and

transformed to normal adults.

Table 3. The effects of presenting second-generation larvae of
E. ocellus with two sizes of cubes of Adapted Bot Diet
in 3/4 oz. paper cups, with 40 replications per size of
cube.

Cube Size % Larval Survival

1 cc

8 cc

85.0 (at the end of 21 days,
or pupation)

47.5 (at the end of three days)

An attempt was made to rear C. bonifatellus on the four diets

presented to larvae as 1 cc cubes and another lot was reared on

Chewings fescue as a control. The experiment was terminated be-

cause of high mortality in all treatments, including the control. Two

other similar attempts to rear this species were also terminated

since mortality was high whether the larvae were supplied from
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stock culture reared on Chewings fescue or hatched from eggs taken

from field-collected females. These results were confusing since

I had maintained C. bonifatellus on Chewings fescue with a success

rate for normal adults as high as 93%.

Simultaneously with the E. ocellus experiments, an attempt

was made to rear C. trisectus (Corvallis strain) on the four diets

and Chewings fescue. The diets were presented to the larvae as 8 cc

cubes replicated 40 times. Over 30 of 40 larvae fed Adapted Riddi-

ford Diet or Chewings fescue reached pupation, while mortality was

over 50% on Adapted Bot Diet and Adapted Shorey and Hale Diet,

and the Adapted Vanderzant et al Diet treatment was lost due to mi-

crobial contamination (Table 4). Only 11 of 32 pupae from larvae

reared on Chewings fescue transformed to normal adults and none of

the pupae from larvae reared on Adapted Riddiford Diet had normal

adult emergence. The growth of the larvae fed this diet was uniform

and resulted in pupae of normal size and appearance. The failure of

these insects to emerge as normal adults was not particularly dis-

turbing since insufficient amounts of fatty acids in diets have caused

faulty emergence in other insects (Chippendale, Beck, and Strong,

1964). However, the low numbers of normal adults from larvae fed

Chewings fescue was a matter of some concern. C. trisectus

(Corvallis strain) was then replaced with C. trisectus (Urbana

strain).
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Table 4. Effects of four adapted diets on larvae of C. trisectus
(Corvallis strain) using 8 cc cubes of diet and 3/4 oz.
paper cups as rearing containers, 40 larvae per treat-
ment.

Treatment No. of Pupae
No. of

Normal Adults

Adapted Riddiford Diet 33 0

Adapted Shorey and Hale Diet 17 4

Adapted Bot Diet 15 5

Adapted Vander zant et al. Dieta - -

Chewings fescue 32 11

aThis treatment was lost due to microbial contamination.

The last experiment of the preliminary series was an attempt

to learn if diet vapors affected C. trisectus (Urbana strain) and if

modification or change of microbial inhibitors would improve the

suitability of Adapted Bot Diet. The inhibitor content of this diet

was modified by addition, reduction, or deletion with substitution of

ultraviolet sterilization and all diets were presented as 1 cc cubes

to larvae of C. trisectus (Urbana strain). Sorbic acid was used in

three combinations with methyl para-hydroxybenzoate to form three

treatments. Methyl para-hydroxybenzoate was used alone in a re-

duced amount for a fourth treatment. Chemical inhibitors were

supplanted in a fifth treatment by ten minutes of ultraviolet steriliza-

tion applied to the surfaces of all cups, cubes of diet, and tools that
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would be in contact with larvae. None of these five treatments im-

proved the suitability of Adapted Bot Diet. Growth of larvae was

not uniform and mortality was high (Table 5). Almost twice as many

larvae survived in this experiment using 1 cc cubes of Adapted Bot

Diet as did in a previous experiment which used 8 cc cubes of diet.

In summary, the experiments of this section established that

the essential antimicrobial compounds used in diets were toxic to

E. ocellus (Table 3). Kishaba et al. (1968) described a similar

effect when rearing Trichoplusia ni on a meridic diet. However,

the toxic effects were reduced by using a small cube of diet in paper

cups and thus greatly increased larval survival. Apparently the

paper cups permitted diffusion of the toxic vapors from the container.

After a satisfactory technique was developed for presenting the diet

to the larvae, the Adapted Bot Diet was adequate for culture of E.

ocellus. Although this diet sustained six generations of E. ocellus,

the vigor of the culture declined to the point that eventually only 30%

emerged as adults, suggesting that relative concentrations of nutri-

ents were not adequate.

Nutrition Experiments

The experiments in this section were designed to elucidate

some of the nutritional requirements of C. trisectus (Urbana strain)

by modifying the Adapted Riddiford Diet, in an attempt to develop a



Table 5. Effect of different combinations of methyl para-hydroxybenzoate, sorbic acid, and ultraviolet sterilization in Adapted Bot Diet on
survival and larval growth of C. trisectus (Urbana strain).

Adapted Bat Dieta and Modifications Number of
Surviving
Larvae

Weight of
Larvae, mg. ( s. e. )

Methyl para-
Hydroxybenzoate

Ultraviolet
Sterilizationb Sorbic Acid

2.6 g No 26 45.2 (38.5)

1,3 g No 20 16.3 (27.4)

0 Yes 0

2,6 g No 1.45 g 15 68.7 (52.8)

1.3 g No 1.45 g 23 34.6 (47.2)

0 No 1.45 g 11 11.8 (15.4)

a
Adapted Bot Diet is shown in line 1, body of table.

b
The surfaces of all cups, lids, tools, and diet cubes, larvae-contactable, received ten minutes of ultraviolet radiation. After two weeks
this treatment was lost due to microbial contamination.
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meridic diet suitable for the culture of this species.

In one experiment, several modifications of Adapted Riddiford

Diet were used in an attempt to correct faulty adult emergence. One

modification of Adapted Riddiford Diet was a change in sterols from

beta-sitosterol to cholesterol in order to measure the diet efficiency

of each (Ito et al., 1964), since the diet already contained a lipid,

linseed oil, found effective in promoting normal emergence in other

insects (Rock, Patton, and Glass, 1964). Antibiotics were deleted in

one treatment and in another yeast was substituted for the vitamin

solution in case trace elements were missing (Vanderzant, 1966).

One treatment was a diet containing linolenic acid as the fatty acid

source (Vanderzant et al., 1957) and another contained increased

amounts of ascorbic acid in the event there was loss of this nutrient

in diet preparation or storage (Vanderzant, 1966). In one treatment,

formaldehyde and sorbic acid were deleted from the Adapted Riddi-

ford Diet. All of the modifications of Adapted Riddiford Diet were

compounded using the "Vanderzant Adkisson Wheat Germ Diet" which

contained cholesterol when it was received from the supplier. The

sizes of diet cubes were reduced to 1 cc from 8 cc to determine if

antimicrobial inhibitor vapor toxicity had caused poor larval growth

in a previous experiment. Each treatment was replicated 40 times.

For this and all experiments hereafter, larvae were presented 1 cc

cubes of diet.
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On the 55th day of the experiment, 34 of 36 surviving larvae fed

on the Adapted Riddiford Diet containing beta-sitosterol had trans-

formed into large, normal appearing pupae, yet none emerged as

normal adults. A few larvae pupated in all other treatments except

that using Adapted Vanderzant et al. Diet and the remainder of the

surviving larvae which did not pupate varied greatly in size (Table 6).

The pupae were allowed to complete transformation to adults but no

normal adults resulted except two reared on Adapted Shorey and Hale

Diet. Only three of 40 larvae pupated when beta-sitosterol was

omitted from the Adapted Riddiford Diet and cholesterol used.

Cholesterol is usually satisfactory for use in insect diets to

fill the essential sterol requirement (Vanderzant, 1966) but in one

species, Bombyx mori L.., Ito et al. (1964) found that both beta-

sitosterol and campesterol stimulated feeding and cholesterol did

not, although he believed the role of the sterols to be primarily nutri-

tional. Riddiford (1968) found beta- sitosterol superior to cholesterol

in diets used to rear some saturniids. The results of rearing C. tri-

sectus (Urbana strain), in which 34 of 40 larvae pupated when reared

on a diet using beta-sitosterol compared to three of 40 using choles-

terol, suggest that beta- sitosterol is required for this species (Table

6). However, a possibility exists that another sterol, campesterol,

was involved since the beta-sitosterol used in diets for rearing C. tri-

sectus (Urbana strain) contained 9% campesterol and, in addition,



Table 6. Effects of Adapted Shorey and Hale, Vanderzant et al., and Riddiford Diets and various modified Adapted Riddiford Diets on larvae of
C. trisectus (Urbana strain) using 1 cc cubes of diet in 3/4 oz paper cups, 40 larvae per treatment.

Three Adapted
Diets and
Modifications
of Adapted
Riddiford Diet

a

No. of Larvae and Pupae After 55 Days No. of Adults

Larvae

Mean Larval
Weight, mg.

(s. e. ) Pupae Abnormal Normal

-beta-sitosterol 19 3 3 0
+ 0.25 g cholesterol

-vitamin solution 25 41,5 (37.6) 8 8 0
+ 40.3 g Brewer's yeast

-linseed oil 18 32,9 (31.8) 3 1 0
+ 0.1 g linolenic acid

+ 2.1 g ascorbic acid 20 24.1 (27.6) 2 1 0

-antibiotics 18 37.2 (27.5) 6 5 0

-formaldehyde 16 56,2 (47.2) 16 16 0
-sorbic acid

Adapted Riddiford 2 - 34 34 0

Adapted Shorey and Hale 30 25.9 (21.1) 8 4 2

Adapted Vanderzant et al. 8 28.1 (32.7) 0

a
All modified diets used 0.25 g cholesterol in place of 0.25 g beta-sitosterol.

N)
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wheat germ is a sterol source (see Table VII, Appendix). Further

definition of the roles of beta-sitosterol and campesterol in diets

used for rearing C. trisectus (Urbana strain) was far beyond the

scope of this study, since Ito et al. (1964) had to use sophisticated,

complex methods to get separation of pure compounds from mixtures

of these sterols.

Inhibitors did not seem to cause any problems in Adapted Riddi-

ford Diet when this diet was presented to the larvae as 1 cc cubes, and

the small cubes did not improve the suitability of the other diets for

larvae since the results of poor growth were the same as a previous

experiment with 8 cc cubes. Both linolenic and linoleic acids had

been provided in the diets for C. trisectus (Urbana strain) via wheat

germ and linseed oil, in amounts found adequate in diets for rearing

other insects (Rock, Patton, and Glass, 1965; Riddiford, 1968). The

possibility remained that a different lipid could correct the pupation

problem in C. trisectus (Urbana strain).

An attempt was made to improve the suitability of the Adapted

Shorey and Hale and Bot Diets for larvae of C. trisectus (Urbana

strain) by adding beta- sitosterol which seemed to be required for this

species (Table 6). Thus, the beta-sitosterol was added to these diets

in an amount equal to the concentration used in Adapted Riddiford Diet

and another feeding experiment was conducted. Forty larvae were

exposed to each modification of the two diets. The experiment was
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terminated after 39 days because an extreme range of 1 mg to 40 mg

in larval weights showed that the addition of beta-sitosterol had not

improved the suitability of the diets as larval food for C. trisectus.

The Adapted Shorey and Hale, Bot, and Vanderzant et al. Diets were

not used hereafter in experiments.

I decided to test the hypothesis that a different lipid added to

Adapted Riddiford Diet would correct the problem in the pupal stage.

In addition, several other constituents of the diet were altered to

change the balance of the diet or to identify possible toxic effects of

certain constituents. I took advantage of the fact that high numbers

of uniform-sized larvae could be reared on the Adapted Riddiford

diet. First, 330 larvae were started on this diet. After 24 days the

surviving larvae were divided into lots of 20 individuals and each lot

was fed one of 13 modified diets (Table 7). This method greatly

reduced the time spent formulating each diet. Three other treat-

ments permitted rearing the larvae on the same diet during the course

of the entire experiment. These treatments included an unmodified

control diet, a diet with cholesterol added, and a diet with cholesterol

added and both sorbic acid and formaldehyde deleted. Each treatment

used 30 larvae.

Large, vigorous, normal adults emerged in the treatments

where their larval diet was modified to contain an increased amount

of wheat germ, a reduced amount of casein, no sucrose, and wheat
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Table 7. Effects of Adapted Riddiford Diet and modifications on larvae of C. trisectus (Urbana
strain) using 1 cc cubes of diet and 3/4 oz paper cups as rearing containers.

Adapted Riddiford
Diet and No. of
Modifications Starting Larvae

a
No. of
Pupae

No. of Adults
Normal Abnormal

-linseed oil 20 19 0 18
-F 1.25 g corn oil

-linseed oil 20 20 0 18
+ 0.5 g Corn oil

-linseed oil 20 20 20 0
+ 1.25 g wheat germ oil

-linseed oil 20 20 0 19
+ 0.5 g wheat germ oil

-linseed oil 20 19 3 16
+ 0.2 g linolenic acid

+ 30 g wheat germ 20 20 19 0

-13.15 g casein 20 18 10 8

-Salts W 20 19 5 14

-Alphacel 20 19 0 14

-D-sucrose 20 20 17 3

-KOH 20 19 4 14

-antibiotics 20 19 1 17

+ 6.0 ml Vitamin solution 20 20 0 20

+ 0.25 g cholesterol 30 20 0 20

-sorbic acid 30 21 0 19
-formaldehyde
+ 0.25 g cholesterol

Adapted Riddiford Diet (Control) 30 25 0 25

a
Larv-le in all treatments shown below as starting 20 larvae were fed for 24 days on Adapted
Riddiford Diet.
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germ oil in place of linseed oil (Table 7). Clearly, the wheat germ

and wheat germ oil contained a nutrient required to produce normal

adults. Reduction of the amount of casein and the deletion of sucrose

in the Adapted Riddiford Diet evidently altered the balance of the diet

such that the factor in the wheat germ was now adequate to produce

normal adults. Surprisingly, wheat germ oil contains almost the

same proportions of linolenic and linoleic acids as corn oil (Table VI),

yet the 20 larvae fed wheat germ oil transformed to normal adults

but no normal adults were obtained from larvae fed corn oil. Thus,

some nutrient in wheat germ or wheat germ oil other than these fatty

acids might be responsible for normal adults. In addition, there was

a possibility that sugar as a formular ingredient could be eliminated

from the diet altogether since larvae had continued uniform growth

and transformed to normal adults when deprived of sucrose the latter

half of the larval feeding period.

An experiment was conducted in an attempt to determine if

larvae of C. trisectus (Urbana strain) could be reared on a modifica-

tion of Adapted Riddiford Diet which contained no sucrose. Other

modified diets contained increased amounts of linseed oil, corn oil,

and wheat germ. Still others contained no added lipid or had wheat

germ oil substituted for linseed oil (Table 8). All treatments used

40 larvae each

Larvae of C. trisectus (Urbana strain) could be reared



Table 8. Effects of Adapted Riddiford Diet and modifications on larvae of C. trisectus (Urbana strain) using 1 cc cubes of diet and 3/4 oz. paper
cups as rearing containers, with 40 larvae per treatment.

Adapted Riddiford Diet
and

Modifications

Mean time
to pupation,
days (±s.e.)

Mean pupal
weight, mg (± s. e. )

Mean time
to emergence,
days (± s. e. )

Number of Adults
Normal Abnormal

- D- sucrose 43.23 (3.42) 71.85 (15.31) 51.85 (3.71) 22 4

- D- sucrose 41.86 (3.88) 75.00 (13.57) 49.90 (3.22) 11 10
-linseed oil

-linseed oil 38.78 (3.88) 74.56 (18.02) 47.67 (2.58) 9 0
+ 1.25 g wheat germ oil

-linseed oil 41.74 (3.78) 73.47 (17.51) 50.47 (4.06) 18 1

-D-sucrose
+ 1.25 g wheat germ oil

-linseed oil 44.36(4.61) 82.17 (22.76) 52.13 (3.94) 10 14
+ 2.50 g corn oil

+ 1.25 g linseed oil 44.52 (3.79) 77.52 (20.32) 53.68 (4.37) 21 4

+ 30 g wheat germ 41.43 (3,63) 77.10 (17.76) 49.62 (3.39) 20 1

Adapted Riddiford Diet (Control) 43.65 (2.96) 77.35 (14.32) 52.65 (2.96) 5 18

Chewings fescue 56.38 (12.43) - -
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successfully to normal adults on an Adapted Riddiford Diet with su-

crose deleted, and an increased amount of linseed oil in the larval

diet was as effective as the substitution of wheat germ oil, or the

use of increased wheat germ (Table 8). The use of corn oil in in-

creased amounts was apparently of no value.

For the first time in four experiments with C. trisectus, lar-

vae fed on Adapted Riddiford Diet had transformed to normal adults.

I believe this to be the result of decreasing the relative humidity in

the pupal environment. Grau (1968) suggested that pupae from larvae

reared on a diet that was marginal in fatty acid content might trans-

form to normal adults if the relative humidity was about 40% to 50%

but faulty adults would develop at either lower or higher relative

humidities. The pupae from previous experiments were kept in

stacking culture dishes on a piece of moistened blotter paper. In

order to prevent the growth of microorganisms, during this experi-

ment the blotter paper was allowed to dry several times. Thus, the

pupae were subjected to the drier conditions of the rearing room,

which had a relative humidity of about 50%. This explanation of

variable results due to a diet with a possible marginal fatty acid con-

tent and uncontrolled relative humidity also explains other contra-

dicting results in this experiment. One treatment shows higher num-

bers of adults reared on a diet without linseed oil compared to the

control diet containing linseed oil, while another treatment shows
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a high effectiveness of increased amounts of linseed oil.

An explanation of the failure of corn oil (Table 8) as a lipid

ingredient in spite of its close similarity to wheat germ in fatty acid

content might lie in the form of linolenic acid present. Chippendale,

Beck, and Strong (1965) used precise extraction methods and found

a specific ester, methyl linolenate, required by Trichoplusia ni for

normal emergence. Commercial processes used in the extraction

of linseed oil, corn oil, and wheat germ oil could easily affect the

chemical forms of fatty acids in these lipids.

Sucrose was not only found to be non-essential in a diet used

for rearing larvae of C. trisectus (Urbana strain); it actually had a

detrimental effect (Table 8). High numbers of normal adults were

reared on a diet containing 1.25 g of linseed oil and no sucrose; low

numbers with 1.25 g linseed oil plus sucrose; and high numbers with

2.50 g of linseed oil and no sucrose. Therefore, sucrose acted in

some manner to obscure the effects of 1.25 g linseed oil. A finding

that sucrose acted in a detrimental manner was unexpected due to the

importance of sugar as a feeding stimulant and the suitability of su-

crose and other common sugars in the diet of other phytophagous in-

sects (Vanderzant, 1966).

Heretofore, experiments had been conducted to the point of

adult emergence. A diet for the continued culture of C. trisectus

(Urbana strain) would have to be adequate in permitting reproduction
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as well as normal adult emergence. Therefore, an experiment was

conducted using various modifications of the Adapted Riddiford Diet

to rear normal adults and then these adults were observed for differ-

ences in numbers and fertility of eggs laid. The adults reared in

each treatment were caged together as they emerged until all pupae

had emerged, or died, and the numbers of eggs laid were counted

daily. The eggs were allowed to hatch. The basic diet for the ex-

periment was Adapted Riddiford Diet and four modifications contained

30 g wheat germ and no sucrose. The modified diet containing 30 g of

wheat germ then had various substitutions of wheat germ oil in place

of linseed oil and had reduced amounts of sucrose returned to some

formulations (Table 9). One modified diet contained 15 g of wheat

germ and wheat germ oil substituted for linseed oil.

As expected, the rate of larval growth, times of pupation and

emergence, and the numbers of adults were the same among the

modified Adapted Riddiford Diet treatments. However, 13 normal

adults resulted from larvae reared on Adapted Riddiford Diet (Table

9), compared to five in the preceding experiment (Table 8). Again,

these 13 normal adults likely resulted from a relative humidity factor

operating on pupae reared on a diet marginal in fatty acid content,

because no water was added to pupal confining dishes.

Eggs from the females reared on diets containing sucrose did

not hatch and those from females reared on diets not containing



Table 9. Effects of Adapted Riddiford Diet and modifications on larvae of C. trisectus (Urbana strain) using 1 cc cubes of diet and 3/4 oz paper cupsas rearing containers, with 40 larvae per treatment.

Adapted Riddiford Diet
and

Modifications

Mean time
to pupation,
days (d s. e. )

Mean pupal
weight, mg (± s. e. )

Mean time
to emergence,
days (± s. e. )

Number of Adults
Normal Abnormal

-linseed oil 39.97 (3. 65) 56.30 (14.57) 49. 87 (4. 27) 27 3+ 1.25 g wheat germ oil

-8.75 g D-sucrose 39. 21 (2.57) 68.50 (17.92) 48.47 (2.98) 24 10+ 15 g wheat germ

-linseed oil 38. 25 (2.86) 65.22 (11.74) 46.91 (3.03) 25 7-8.75 g D-sucrose
+ 15 g wheat germ
+ 1. 25 g wheat germ oil

-D-sucrose 35.33 (2.81) 62.43 (13.71) 44.10 (2.83) 25 5+ 15 g wheat germ

-linseed oil 35.94 (3.47) 65.12 (15.11) 45.00 (3.11) 33 0- D- sucrose
+ 15 g wheat germ
+ 1. 25 g wheat germ oil

Adapted Riddiford Diet (Control) 41.96 (2.85) 66.64 (18.73) 52.04 (3.56) 13 12

Chewings fescue 56.38 (12.43)
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sucrose did hatch (Table 10). Females reared on a diet containing

wheat germ oil and no sucrose laid many more eggs than those reared

on a diet containing linseed oil and no sucrose, although if sucrose

were included in the diet, there was no difference between treatments

(Table 10).

Possibly, the differences in fecundity resulted from the rearing

methods. Banerjee and Decker (1 966) described the mating behavior

of C. trisectus and reported reductions in fecundity and fertility of 26%

if mating did not occur the night of emergence, and 50% if mating

was delayed an additional day. The adults in my experiment were

taken from pupal holding dishes the morning after emergence and

mating might have occurred the first night only if both sexes had

emerged during the night. Thus, if males emerged one night and

females the next night in one group, but males and females emerged

together in another group, large differences might be observed in

the numbers of eggs laid per group. As adults emerged they were

caged with others that had previously emerged. Subsequent mating

with older insects would have greatly reduced the fecundity of the fe-

males. However, it was also possible that the lowered fecundity and

fertility resulted from dietary deficiencies.

The following experiment was conducted to determine if, in fact,

the problem was dietary in nature. Diets were prepared which dif-

fered in sucrose, cholesterol, and beta-sitosterol content. The



Table 10. Effects of modified Adapted Riddiford Diets on fecundity and fertility of adults of C. trisectus (Urbana strain) with adults removed
from emergence dishes on the day after emergence and caged with others from the same treatment.

Modifications of
Adapted Riddiford

a
Diet

No. of adults
Male Female

Total No.
of eggs Hatch

-linseed oil 20 12 1691 yes
- D- sucrose
+ 1.25 g wheat germ oil

-D-sucrose 15 17 964 yes
1.25 g linseed oil

-linseed oil 16 14 471 no
-8.75 g D-sucrose
+ 1.25 g wheat germ oil

-8.75 g D-sucrose 13 17 547 no
1.25 g linseed oil b

a
All modifications also contained a total each of 30 g wheat germ.

b
1.25 g linseed oil, amount in Adapted Riddiford Diet is shown for reference purposes.
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control diet for the experiment was Adapted Riddiford Diet modified

to contain 30 g wheat germ and 1.25 g wheat germ oil in place of

linseed oil. Then sucrose was deleted in three treatments in an

attempt to learn the effect of this ingredient on hatching of eggs (Table

11). Cholesterol was added in two treatments since this sterol may

have a minimal requirement in a reproductive role (Fast, 1964).

Beta-sitosterol was deleted to determine if 30 g of wheat germ in

the modified diet could furnish sufficient amounts of this sterol,

found necessary in an earlier experiment for growth of larvae reared

on Adapted Riddiford Diet (Table 6).

Eggs laid by females of C. trisectus (Urbana strain) hatched

whether or not sucrose was present in the larval diet, so long as

either beta- sitosterol or cholesterol was present (Table 11). No

eggs hatched when beta- sitosterol was absent unless cholesterol had

been present. The sterol content of 30 g wheat germ was adequate

to permit the rearing of larvae on a diet with beta-sitosterol deleted

and the number of normal adults produced from these larvae was not

different from treatment using beta- sitosterol.

Thus, the results indicated the failure of eggs to hatch in the

previous experiment with sucrose was probably the result of adult age

at time of mating.

In view of this mating problem, the data will not permit the

conclusion that a deletion of beta-sitosterol was responsible in this



Table 11. Effects of modified Adapted Riddiford Diets with various sterol and sucrose contents on the fecundity
(Urbana strain) 40 larvae per treatment.

and fertility of C. trisectus

Modifications of Adapted
Riddiford Diets showing
sterol and sucrose changes

No. of
Normal adults

Total No.
of eggs laid Hatch

-beta-sitosterol 25 969 yes
-D-sucrose
+ 0. 25 g cholesterol

-beta-sitosterol 20 326 no

-beta-sitosterol 28 397 no
- D- sucrose

-beta-sitosterol 23 408 yes
+ 0. 25 g cholesterol

-D-sucrose 25 744 yes

Control Diet
b

27 748 yes

a

b

These modified diets and control diet each contained 30 g of wheat germ and 1. 25 g wheat germ oil in place of 1. 25 g linseed oil.

The control diet contained beta-sitosterol and sucrose.
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experiment for failure of eggs to hatch. The severity of the effect

of age differential at mating can be demonstrated by an experiment

conducted with six gravid, virgin females and six virgin males taken

the morning after emergence from treatments in which C. trisectus

(Urbana strain) laid fertile eggs. These males and females were

paired in shell vials and none of the females laid eggs within a per-

iod of several days before they died.

Successive generations of C. trisectus (Urbana strain) were

reared on a meridic diet for three generations. The first generation

was reared on a modified Adapted Riddiford Diet containing wheat

germ oil in place of linseed oil, with a resulting 87% yield of normal

adults. The offspring of that generation, as well as the next genera-

tion, were presented with modified Adapted Riddiford Diet containing

30 g wheat germ, no sucrose, and wheat germ oil in place of linseed

oil (Table IV). The yield of normal adults for the second and third

generation was 82% and 72% respectively. A fourth generation was

started on the same diet and had 56 of 60 larvae surviving after the

18th day.
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DISCUSSION

C r ambus topiarius

It was found that the type of rearing container related to the

success or failure of various diets, independent of nutritional con-

stituents. The original containers (shell vials and plastic cups) and

2 cc cubes of diet were unsuitable because toxic effects of antimi-

crobial inhibitor vapors were present (Table 2; Figure 1). Rearing

experiments with C. topiarius were abandoned at this point because

of a shortage of field-collected material and the failure of rearing

trials to produce laboratory stock cultures.

Euchromius ocellus

A change from an 8 cc to a 1 cc cube of diet reduced surface

area so that less toxic vapor was released. A change from glass or

plastic containers to paper containers allowed better escape of vapors

from the rearing containers. These improved methods permitted the

rearing of six successive generations on the Adapted Bot Diet (Table

II; Figure 1). A decline in the production of E. ocellus was observed

in the fourth and fifth generations and the yield of normal adults was

down to 30% in the sixth generation, suggesting that a nutrient inbal-

ance exists in the Adapted Bot Diet. The poor hatch of eggs and



Adapted Riddiford Diet
Adapted Vanderzant et al. Diet
Adapted Shorey and Hale Diet
Adapted Bot Diet
Tables I, H, III, IV

C. to piarius

Plastic or glass rearing
containers unsuitable.
Toxic vapors caused low
hatch of eggs and larval
survival.

Table 2.

E. ocellus

Cultural method
1 cc cubes of diet

using
and 3/4

oz paper cups found satis-
factory.

Table 3.

Six successive generations
reared on Adapted Bot diet.

Text, page 14.

Reproduction study. Com-
parison of relative values of
linseed oil and wheat germ
oil. Possible effect of lipids
and sucrose on fecundity and
fertility.

Table 10.

Sucrose, sterols, and lipids
examined for effects on pro-
duction of viable eggs. Hin-
drance of normal mating by
laboratory methods probably
responsible for differences in
results shown in Table 10.

Table 11.

C. bonifatellus

IlExperiments ter-
minated because
of loss of stock
cultures.

Text, page 14.

Suitability of Adapted
Bot, and Shorey and
Hale Diets as larval
food not improved after
addition of beta-sitosterol.
Only Adapted Riddiford
Diet or modifications used
for further studies.

Text, page 22.

Sucrose detrimental. Corn oil
not effective. Wheat germ oil
and linseed oil both effective

4 provided no sucrose present.
30 g of wheat germ provides
marginal amount of fatty acids.
Relative humidity a factor for
normal adult emergence.

Table 8.

Mating experiment shows labora-
_____., tory rearing method greatly altered

expected fecundity.

Text, page 35.
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C. trisectus
(Corvallis strain)

High numbers of larvae
pupated when reared on
Adapted Riddiford Diet,
but no normal adults
obtained.

Table 4.

C. trisectus
(Urbana strain)

Beta-sitosterol found
necessary in Adapted
Riddiford Diet for lar-
val growth. Other di-
ets remained unsuitable
after tests using im-
proved cultural methods
or inhibitor modifica-
tions.

Tables 5 and 6.

1

Normal adult emergence
obtained by altering die-
tary amounts of wheat
germ, casein or sucrose
and by substituting wheat
germ oil for linseed oil.

Table 7.

Start rearing of successive
generations using a diet mod-
ified to contain increased
wheat germ oil in place of
linseed oil.

Table IV
2nd generation, 82% of lar-
vae produced normal adults.
3rd . . . 72%

4th. 56 of 60 larvae surviv-
ing on 18th day.

Text, page 35.
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larval survival of C. topiarius (Table 2) and the results of cube size

tests with E. ocellus (Table 3) agree with the findings of Kishaba

et al. (1968) that chemical mold inhibitors had adverse effects on

eggs and larvae. A suitable rearing method was found and the Adapt-

ed Bot Diet was satisfactory for rearing E. ocellus under laboratory

conditions. Based on this success, the decision was made to attempt

the laboratory rearing of two other species of sod webworms on me-

ridic diets.

C. bonifatellus

A culture of C. bonifatellus had been maintained in the labora-

tory on Chewings fescue, following a modification of Bohart's (1947)

methods. Attempts to transfer this culture to test diets failed (Text,

page 14) and the culture was lost. Attempts to re-establish a stock

culture suitable for use in nutrition studies using meridic diets were

not satisfactory, and efforts with C. bonifatellus were terminated.

C. trisectus

The larvae of C. trisectus accepted a diet (Table IV) adapted

from one reported by Riddiford (1968) and high numbers pupated

but none of the pupae produced normal adults. Attempts to correct

the pupation problem resulted in the discovery that apparently beta-

sitosterol, which Riddiford (1968) had found was required by some
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saturniids, was also required by C. trisectus for satisfactory larval

growth. This phytosterol did not improve the suitability of other

diets (Bot, 1966; Shorey and Hale, 1965; Vanderzant et al., 1962)

as larval food for this species, so the Adapted Riddiford (1968) diet

was continued as a basic experimental food for C. trisectus and the

work with the other diets was terminated.

The apparent requirement for beta- sitosterol was surprising

because cholesterol has been generally used in diets (Vanderzant,

1966). A possibility exists that campesterol, another phytosterol,

is also used by C. trisectus because this compound was a contami-

nant of the beta- sitosterol and has also been found to be a feeding

stimulant (Ito et al., 1964). To determine the requirements of

C. trisectus for beta- sitosterol and/or campesterol was beyond the

scope of this study due to complex methods needed to separate the

compounds (Ito et al., 1964). In addition, wheat germ has a natural

sterol content high enough to satisfy requirements by this species

(Table 11) for growth.

Two lipids, wheat germ oil and linseed oil, corrected the faulty

adult emergence of C. trisectus (Urbana strain)(Table 8). This

faulty adult emergence problem was not corrected by the addition

of corn oil or linolenic acid. The natural lipid content of wheat

germ was sufficient to correct the problem provided sucrose was

deleted from the diet.
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For most insects, either linoleic or linolenic acid or specific

compounds of these acids have been shown to be the active factors

required for normal wing development (Vanderzant, 1966; Chippen-

dale, Beck, and Strong, 1964). The results with C. trisectus are

not entirely clear since the relative amounts of fatty acids present

in corn oil or wheat germ oil are very similar (Table VI), but the

lipids have diverse effects in the diets (Table 8). Both corn oil and

wheat germ oil are high in linoleic acid and low in linolenic acid. Lin-

seed oil was effective in the diet, although the direct addition of

linolenic acid was not. Linseed oil is high in linolenic and low in

linoleic acid (Table VI). Thus it may be that C. trisectus (Urbana

strain) required linoleic acid, but that some specific form of the acid

may be absent or lacking in corn oil due to a natural factor, or more

likely, due to a loss during commercial lipid extraction processes.

A possibility also exists that wheat germ, or wheat germ oil, posses-

ses some factor needed for normal development by C. trisectus. The

extraction of lipids from the wheat germ was not done, since as in the

case of sterols, the techniques were beyond the scope of this study.

Relative humidity in the pupal confining container (stacking

culture dishes) may affect normal adult emergence. Grau (1968)

felt that either too high or too low relative humdities could cause

pupation problems in larvae reared on diets that were marginal in

fatty acid supplies. An indication that relative humdiity may have
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been a factor in my experiments is shown by the results of control

diets in five experiments. No normal adults were obtained in three

experiments when larvae were fed Adapted Riddiford Diet (Tables 4,

6, and 7). Normal adults were obtained in two experiments when

larvae were fed Adapted Riddiford Diet (Tables 8 and 9). In the first

three experiments, blotters in the confining dishes were kept damp.

In the last two experiments blotters were maintained slightly mois-

tened or dry as a means of preventing microbial growth within the

pupal container s.

One other means which corrected the faulty adult emergence in

C. trisectus was the altering of the relative concentration of nutrients

in the Adapted Riddiford (1968) formula by the deletion of sucrose.

Sucrose was shown to be detrimental to C. trisectus (Urbana strain)

by acting in some manner to interfere with a lipid, linseed oil, which

was supplied in the diet as a source of fatty acids essential for the

development of normal adults (Table 8). Most insect diets have satis-

factorily used sucrose, or one of the other common sugars, as a feed-

ing stimulant and nutrient (Vanderzant, 1966). No adverse effects on

C. trisectus (Urbana strain) were observed when sucrose was omitted

from the diet because larval feeding was not inhibited and uniform

larval growth was maintained (Table 8).

One of the experiments led to the observation that sucrose

might interfere with reproduction in C. trisectus (Urbana strain)
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by lowering fecundity and fertility (Table 10). An attempt was made

to examine the roles of sucrose, beta- sitosterol, and cholesterol in

the reproduction of C. trisectus (Urbana strain). The addition of

sucrose to the larval diet did not prevent the resulting adults from

producing viable eggs, but the omission of both sterols did result in

non-viable eggs (Table 11). The fact that omission of sterols from

the diet could cause eggs to fail to hatch should not be surprising

(Vanderzant, 1966). But inasmuch as the rearing of C. trisectus

(Urbana strain) was normal in other respects when sterols were

omitted from the diet (Table 11), it was suspected that the non-viable

eggs were an artifact.

In studies of effects of reproduction in C. trisectus (Urbana

strain) an artifact could easily be introduced due to the requirements

of mating in this species conflictinL with the laboratory techniques of

rearing. Banerjee and Decker (1966) have shown that if C. trisectus

does not mate the night of emergence a lowering of fecundity and fer-

tility results. C. trisectus emerges normally during the night. The

pupae in my experiments were kept in stacking culture dishes and

adults were removed after 8 a. m. daily, and caged, thus mating was

delayed unless both sexes had emerged in the same group during the

night. The stringent mating requirements of this species may be

shown by an experiment in which no eggs were recovered from fe-

males that were not mated during the night of emergence (Text,
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page 35). Variable interferences with the mating behavior of C. tri-

sectus (Urbana strain) in the laboratory probably explains why more

pupae or adults were produced in some experiments than in others

(Table 8 vs. Table 9).

Chewings fescue may not be a suitable food for laboratory stock

cultures of C. trisectus. The Corvallis strain of this species did not

produce viable eggs after three generations of laboratory rearing on

Chewings fescue, although fecundity was unaffected. The same phe-

nomenon was observed in the Urbana strain after three generations.

In contrast with these inexplicable occurrences, the meridic diet cul-

tures appear to have a high rate of fertility into the fourth generation

as shown by the results of rearing successive generations of C. tri-

sectus (Text, page 35 ; Figure 1).

A possible explanation for the poor success of others (Ward and

Pass, 1969) to rear C. trisectus on a meridic diet may be due to the

use of plastic cups as rearing containers. Following the develop-

ment of suitable rearing techniques and the establishment of a me-

ridic diet, three successive generations of C. trisectus were reared

under laboratory conditions (Text, page 35). The percent of normal

adults produced in the first generation was 87%; the second, 82%;

and the third, 72%. In the fourth generation, 56 of 60 larvae sur-

vived to the 18th day.
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SUMMARY

The following species of insects were studied in attempts to de-

termine the culture and nutritional requirements of sod webworms:

Crambus topiarius Zeller, Euchromius ocellus (Haworth), Crambus

bonifatellus (Hu 1st) and Crambus trisectus (Walker). All these spe-

cies were collected in Oregon, and, in addition, C. trisectus from

Illinois was supplied by Dr. A. C. Banerjee.

Four diets,(Bot, 1966; Vanderzant et aL , 1962; Shorey and

Hale, 1965; Riddiford, 1968) were adapted for feeding sod webworms

(Tables I, II, III, IV) and presented as 1 cc, 2 cc or 8 cc cubes in

various types of rearing containers. Rearing was done in an air-

conditioned room with an average temperature of 22°C and a 16.5

hr. photophase. In addition, Festuca rubra var. commutata (Guad.),

Chewings fescue, was grown in a greenhouse and supplied as food for

stock culture and control treatments.

The eggs and early instar larvae of C. topiarius were found to

suffer adverse effects if kept in the presence of 2 cc cubes of diet in

shell vials or plastic cups (Table 2; Figure 1). It was suspected that

these effects on eggs and larvae were due to the emission of toxic

vapors from anti-microbial compounds used in the diets (Kishaba

et al., 1968).

The size of cubes of diets was reduced to 1 cc to decrease
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emission of such vapors and paper cups replaced shell vials and plas-

tic cups so that vapors could diffuse from the containers. These

methods were applied to the rearing of E. ocellus. A diet adapted

from one reported by Bot (1966) was satisfactory for rearing six suc-

cessive generations of E. ocellus. Culture methods using 1 cc cubes

of diet in 3/4 oz paper cups prevented toxic effects of vapors (Table

3).

An attempt to rear C. bonifatellus was made, but experiments

had to be terminated due to loss of stock cultures fed Chewings fes-

cue (Text, page 14).

Attempts to rear C. trisectus on diets were made and a diet

adapted from one reported for saturniids by Riddiford (1968) was

accepted by the larvae which pupated, but failed to transform to nor-

mal adults. Beta-sitosterol was found to be a factor required for

growth of larvae fed on the Adapted Riddiford Diet although this com-

pound did not improve the suitability of other diets tested (Table 6,

Text, page 22).

Sucrose was found unnecessary for C. trisectus (Urbana strain)

in the Adapted Riddiford Diet, and in addition, was detrimental be-

cause it obscured the effects of fatty acids essential for normal wing

development in adults (Table 8).

Wheat germ oil and linseed oil were found to be effective lipids

for supplying fatty acids (Table 9). Corn oil was not effective
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although this lipid is very similar to wheat germ oil in fatty acid

content. These results were not clear since linseed oil is high in

linolenic acid and low in linoleic acid compared to wheat germ oil

(Table VI), however either of these lipids was effective. The direct

addition of linolenic acid was not effective.

A possible effect on reproduction of C. trisectus by sucrose

(Table 10) and sterol (Table 11) was most probably an artifact due

to mating behavior of C. trisectus. For optimum fecundity and fer-

tility, both sexes must mate on the night of emergence (Banerjee and

Decker, 1966) but the rearing methods used in the laboratory per-

mitted an age differential to exist, thereby altering fecundity and

fertility and causing variable results (Tables 10, 11).

A meridic diet was developed for C. trisectus by changing the

balance of nutrients in the Riddiford (1968) diet (Table IV). The

wheat germ content was increased, sucrose deleted, and wheat germ

oil substituted for linseed oil. In effect, the carbohydrate was only

reduced since wheat germ is 46% carbohydrate (Table V). The lipid

substitution increased a concentration of fatty acids in a ratio suit-

able for the nutritional requirements of C. trisectus (Table 8).

Meridic diets were used to rear three successive generations

of C. trisectus with the production of normal adults being 87%, 82%,

and 72% for the first, second, and third generations. In addition, a

fourth generation culture had 56 of 60 larvae surviving on the 18thday.
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Table I Ingredients, amounts, and preparation of Adapted Shorey
and Hale Diet. a

Ingredients and amounts

Agar 8.0 g
Water 400.0 ml
Pinto beans, soaked in water

12 hr s. minimum 200.0 g
Brewer's yeast 20.0 g
Methyl para-hydroxybenzoate (mpb) 1.25 g
Sorbic acid 0.63 g
Ascorbic acid 2.0 g
Formaldehyde (37%) 1.25 ml

Preparation

1. Place yeast, mpb, sorbic acid, and ascorbic acid together
in a container.

2. Place agar in a beaker containing 200 ml water; heat, using
hot water bath, until agar is dissolved.

3. Place pinto beans into blender; add 200 ml water, formalde-
hyde; blend.

4. Add ingredients from container (step 1) to blender; blend.

5. Cool agar solution to 70°C; add to ingredients in blender; blend
2 minutes.

6. Immediately pour blender contents into container to solidify.

aAdapted from: Shorey, H. H. and R. L. Hale. 1965. Mass-rear-
ing of the larvae of nine noctuid species on a simple artificial med-
ium. Journal of Economic Entomology 58:522 -524.
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Table II Ingredients, amounts, and preparation of Adapted Bot Diet.a

Agar
Water
Ascorbic acid
Cho line chloride
Inositol

Ingredients and amount

12.0 g
500.0 ml

5.0 g
0.4 g
0.2 g

Brewer' s yeast
Wheat germ
Casein
Cholesterol
Methyl para-hydroxy-

benzoate (mpb)

Preparation

50.0 g
52.0 g
8.0 g
0.2 g
2.6 g

1. Put ascorbic acid, choline chloride, and inositol into Erlen-
meyer flask; add 250 ml cool water; swirl to dissolve.

2. Put agar into a beaker containing 250 ml water; heat, using
hot water bath, until agar is dissolved.

3. Pour solution from Step No. 1 into blender; add yeast, wheat
germ, casein, cholesterol, and mpb; blend.

4. Cool agar solution to 70°C; add to blender; blend 2 minutes

5. Immediately pour blender contents into container to solidify.

aAdapted from: Bot, J. 1967. An articial rearing medium for three
noctuids of economic importance belonging to the genus Spodoptera
(Lepidoptera). Journal of the Entomological Society for South Africa
29:157-160.
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Table III Ingredients, amounts, and preparation of Adapted
Vanderzant et al. Diet, a

Agar
Water
Wheat Germ Diet

(Vander zant Adkisson
Wheat Germ Diet

Sorbic acid

Ingredients

12.5 g
420.0 ml

62.5 g
0.82 g

and amounts

Methyl para-hydroxy-
benzoate (mpb) 0.62 g

Vitamin solution
(Vander zant' s Vitamin
Mixture for Insect
Diets) 7.5 ml

KOH (10% solution) 5.0 ml

Preparation

1. Put wheat germ diet, sorbic acid, and mpb into a container.

2. Put agar into a beaker containing 420.0 ml water, melt agar
using a hot water bath; cool to 70°C.

3. Put KOH solution into blender; add 70° agar solution.

4. Add ingredients from step no. 1; add vitamin solution; blend
for 2 minutes.

5. Immediately pour blender contents into containers to solidify.

aAdapted from: Vanderzant, E. S., C. D. Richardson and S. W.
Fort, Jr. 1962. Rearing of the bollworm on artificial diet. Jour-
nal of Economic Entomology 55:140.
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Table IV Ingredients, amounts, and preparation of Adapted
Riddiford Diet. a

Agar

Ingredients and amount

12.5 g Methyl para-hydroxy-
Water 420.0 ml benzoate (mpb) 0.88 g
Wheat germ 15.0 gb Sorbic acid 1. 17 g
Casein 17.5 g Formaldehyde (37%) 0.5 ml
D sucrose 17.5 gc Aur eomycin 0.25 g
Salts, Wesson' s 5.0 g Kanamycin sulfate 0.07 g
Alphacel 7.5 g KOH (10% solution) 5.0 ml
beta -Sito sterol 0.25 g Vitamin solution (Van-
Linseed oil 1.25 gd derzant' s Vitamin

Mixture for Insect
Diets) 6.0 ml

Preparation

1. Put wheat germ, casein, sucrose, salts, alphacel, sterol,
mpb, sorbic acid, aureomycin, and kanamycin sulfate into
a container.

2. Put agar into a beaker containing 420.0 ml water; melt agar
using a hot water bath; cool to 70°C.

3. Put formaldehyde and KOH into blender. Add 70°C agar solu-
tion.

4. Put ingredients from step no. 1 into blender. Add linseed oil,
and vitamin solution; blend for 2 minutes.

5. Immediately pour blender contents into containers to solidify.

aAdapted from: Riddiford, L. M. 1968. Artificial diet for cecropia
and other saturniid silkworms. Science 160:1461-1462.

b Final C. trisectus diet contains 30 g of wheat germ.
cFinal C. trisectus diet contains no sucrose.
dFinal C. trisectus diet contains 1.25 g wheat germ oil in place of
linseed oil.
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Table V. Crude wheat germ analysis. a

Ingredient Amount

Protein 26.6%
Carbohydrate 46.7%

Fiber
Fat 10.9%
Ash 4.3%
Water 11.5%

25%

Minerals
Calcium 72 mg/100 g
Phosphorus 1118 mg/100 g
Iron 94 mg/100 g
Sodium 3 mg/100 g
Potassium 827 mg/100 g

Vitamins
Thiamine 2.01 mg/100 g
Riboflavin 0.68 mg/100 g
Nicotinic Acid 4.20 mg/100 g
Vitamin E (Alpha-tocopherol) 13.20 mg/100 g

aSource: Altman, Philip L. and D. S. Dittmer (eds. ).
Metabolism. Federation of American Societies for Experi-
mental Biology. Bethesda, Maryland, 1968. 868 p.
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Table VI Analyses of lipids used in diets fed to sod webworms.a

Compound
Lipid and Amount, %

(FA) Wheat Germ Corn Oil Linseed Oil

Palmitic (16:0) 15.0 9.6 6.0

Stearic (18:0) 0.6 2.5 4.0

Oleic (18:1) 15.6 24.4 21.3

Linoleic (18:2) 59.2 60.1 16.9

Linolenic (18:3) 7.8 3.4 51.8

-- (18:4) 1.7

aSource: Analyses performed by Mr. Robert Lowery, Department
of Biochemistry and Biophysics, Oregon State University, Corvallis,
Oregon, 1968, on samples taken from stock lipids.
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Table VII Copy of wheat germ oil analysis furnished by Mr. Ezra
Levin, President, VioBin Corporation, Monticello,
Illinois. a

Wheat Germ Oil Analysis

Oleic Acid 28.1
Linoleic Acid 52.3
Linolenic Acid 3.5
Palmitic Acid 11.8
Stearic Acid 3.0
Lignoceric Acid 1.2

Total saturated acids 16.0

Unsaponifiable
Tocopherol

4.7%
Approx 2.5 mg. per g

*Sterols 70.77% of unsa-
ponifiable

Iodine Value 115-124

Saponification Value 180-189

Free Fatty Acid (as oleic) 8% (typical figure)

*Sullivan & Bailey, J. A. C. S. 58, 390 (1936) reported 56% of total
sterol is free and the balance combined.

aWheat germ oil reported by Mr. Levin as solvent extracted from
fresh wheat germ with 1,2 dichloroethane (ethylene dichloride).


