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A study of mortality, food consumption, food utilization, and

polyhedral production following single and simultaneous challenges

of the variegated cutworm, Peridroma saucia (HUbner), with DDT

and a nuclear polyhedrosis virus was made. Fourth instar larvae

were challenged topically with three levels of DDT and per os with

three levels of virus, one level in each case being a zero control.

This design provided nine different treatments, four involving dual

challenges, and five involving single or zero level controls.

X2 tests were used to compare total mortality, DDT mortality,

and virus mortality in each combination treatment to expected mor-

talities which were computed from the single dose treatment results.

Results indicated that the effects of virus and DDT were additive.



DDT activity was affected by the presence of virus in only two of 12

combinations studied. In both cases a significant synergistic re-

sponse was noted. No definite trends over all levels tested were

apparent in the data. Virus mortality was significantly increased

in one combination and was reduced in another. In both cases, the

differences are questionable due to the low numbers of individuals

involved. All other combinations resulted in virus or DDT deaths

which would be expected if each were acting independently.

Single or combined treatments killed no more males than

female s.

Consumption and utilization of a meridic diet were measured

gravimetrically. Different treatments had little effect on consump-

tion or utilization by larvae of the same ultimate fates. Healthy lar-

vae, however, consumed six times as much food as virus killed lar-

vae and 100 times as much as DDT killed larvae. Healthy insects

digested a lower percentage of the food consumed than did infected

or poisoned larvae, but they converted more of what they did digest

into tissue, while sick larvae utilized more as energy.

Polyhedral production by infected larvae was measured in each

group. Production dropped in the combination treatments as DDT

dosage increased and as virus dosage decreased, indicating the need

for careful consideration of goals when applying these agents in the

field.
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EFFECTS OF SINGLE AND SIMULTANEOUS
CHALLENGES USING DDT AND A NUCLEAR

POLYHEDROSIS VIRUS AGAINST THE
VARIEGATED CUTWORM,

PERIDROMA SAUCIA (HUBNER)

INTRODUCTION

Through modern technology, man has and is developing methods

to meet the demands of an ever increasing population for an adequate

food supply. His advances in agricultural productivity resulting

from new plant varieties, cultural methods, and mechanization have,

however, been restricted by numerous other problems, among them,

the competition for his crops by insects. To maintain high levels

of productions, man has necessarily been concerned with the devel-

opment of methods for reducing insect damage. In the present

century, the development and use of synthetic chemical insecticides

initially appeared to be the panacea for all insect problems. These

insecticides produced fast kill with very little crop damage following

ingestion or contact. After use of these chemicals became wide-

spread and prolonged over a number of years, serious side effects,

such as beneficial insect kill, resistance, environmental pollution,

and potential danger to other forms of life, including man, became

evident. Because of this, many technologists began investigating

control methods, both chemical and nonchemical, which might avoid

such problems.
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One such method has been the application of microbial insecti-

cides for insect control. While these agents do not have the objec-

tionable qualities of chemical insecticides mentioned above, other

characteristics generally limit their usefulness. Among these are a

time lag between contact and death, dependence upon specific envi-

ronmental conditions for maximum effectiveness and the costly

necessity, in many cases, of maintaining host insects or tissues for

their production. Their major advantages are specificity, residual

activity, and biodegradability.

The major objections to chemical insecticides constitute the

most desirable characteristics of microbial insecticides, while the

undesirable characteristics of microbial insecticides are the virtues

of chemical insecticides. It seems reasonable, therefore, to assume

that a combination of the two, when applied in combination but in

lower amounts than would be necessary if either were applied alone,

would lessen the negative aspects of each and thereby increase their

total effectiveness. If two such agents are applied, and one assumes

that all individuals receive a similar dosage, then three situations

could result. First, one agent could act antagonistically against the

other, lessening their combined effectiveness. Second, simple

additivity of their separate effects could occur. Finally, one agent

could enhance the activity of the other synergistically, resulting

in higher mortality than expected from simple additivity of effects.
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Because of these desirable features which could result from

chemical-pathogen combinations, as well as the undesirable possi-

bility of antagonism, I felt that a logical method for laboratory analy-

sis of such systems should be developed for predicting the usefulness

of such combinations in the field. Such a method would eliminate

costly trial and error field plot work, would provide information on

the relative amounts of each agent required for control, and would

aid in analyzing field plot results. Although a considerable amount

of work, both field and laboratory, has been carried out, no satis-

factory reproducible method for the analysis of such data has been

developed.

The purpose of the research reported in this thesis is three-

fold: (1) to establish a method for studying insect-pathogen-chemical

system interactions, (2) to study mortality in a particular system for

evidence of interactions, and (3) to study certain additional effects

in the system chosen in order to gain more knowledge about chemical

and pathogen action in general.

The system selected for study included the insecticide, DDT,

the variegated cutworm, Peridroma saucia (Hubner) (Lepidoptera:

Noctuidae) and a nuclear polyhedral virus originally obtained from

this species. By manipulating the levels of virus and DDT, insight

into their separate and combined actions was gained. Mortality

rates were used as a measure of effectiveness, and food consumption



4

of treated larvae or larval groups was measured. Closely related

to the study on food consumption was a brief analysis of the utiliza-

tion of food by insects receiving various treatments. Additional

information on the relative amounts of virus which might be produced

and released into the environment following each treatment is pre-

sented. This information may indicate what effect combination

control methods will have on the residual properties of virus

insecticide s.
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LITERATURE REVIEW

Chemical-Pathogen Work

Studies on the combined use of chemicals and insect pathogens

have been of the following three types or combinations thereof:

c ompatability studies, either in the laboratory or field; laboratory

studies on interactions; and field control studies.

Compatability Studies

Pathogens are forms of life and may or may not be susceptible

to chemical insecticide activity. Since this possibility exists, labora-

tory compatability studies should be an absolute prerequisite to field

applications or laboratory investigations in which pathogens and

insecticides are to be combined in the same formulation or spray

schedule. Bacillus thuringiensis Berliner has been tested with a

number of chemical compounds. Biotrol Technical Bulletin Number

3 (Nutrilite Products, Inc., n. d. ) concisely summarizes most of

this research. Of 77 compounds tested, synergistic responses were

produced by combinations with 17 of the compounds, and only eight

were incompatible with the bacterium. A great deal of the actual

research leading to this summary is cited by Valikov (1964) and

Telenga (1964). Fungus-insecticide combinations have received a

great deal of attention in Europe and Asia in the last 15 years.
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Telenga (1964) cited much of the literature on this topic and Mailer-

Kogler (1965) incorporated results of most work in this field in his

well-referenced text on fungal diseases of insects. In general,

adverse effects on entomogenous fungi have not resulted from

combination with the insecticides tested.

Most compatability studies involving insect viruses and

insecticides or insecticidal adjuvants have similarly been cited by

Ignoffo and Montoya (1966). Separate studies by these authors in the

laboratory indicated that endrin, DDT, toxaphene, toxaphene-DDT,

and carbaryl caused no loss of virus activity when combined with

Heliothis spp. (Lepidoptera: Noctuidae) nuclear polyhedrosis virus

for 24 hours. Methylparathion, however, caused a significant reduc-

tion in virulence. Field experiments involving chemical insecticides

and the nuclear polyhedrosis virus of Trichoplusia ni (Hubner)

(Lepidoptera: Noctuidae) have been carried out by the following:

Genung (1960), using toxaphene; Getzin (1962), using ethylparathion

and toxaphene; Hofmaster and Ditman (1961), using endrin-parathion,

toxaphene-parathion, Phosdrin, Dibrom, and malathion-Perthane;

Mc Ewen and Hervey (1958), using TEPP; and Wolfenbarger (1965),

using toxaphene, toxaphene-DDT, endrin, mevinphos (Phosdrin),

DDT, and ethylparathion. None of these chemicals appeared to re-

duce the virulence of the virus. As pointed out by Ignoffo and

Montoya (1966), however, subtle detrimental effects on the
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virus may not be detectable under the gross conditions of field

experiments.

Field Control Studies

Field control experiments involving combination applications

of B. thuringiensis with chemical insecticides were cited by Vailkov

(1964). Fungus-chemical combinations are reviewed in the works of

Telenga (1964) and Muller-K6gler (1965). Much of the work combin-

ing viruses and chemicals has been carried out on the corn earworm,

Heliothis zea (Boddie), and the cabbage looper, Trichoplusia ni, both

being species which have become more or less resistant to conven-

tional insecticides. Genung (1960) reported that T. ni nuclear poly-_

hedrosis virus, in combination with toxaphene, was as effective as

either agent alone at twice the dosage used in the combination. The

same virus, in combination with either parathion or toxaphene, re-

duced populations and resulted in less damage than when the virus

or chemicals were applied alone at the same dosages used in the

combination (Getzin, 1962). Other field combination experiments

against T. ni by Hofmaster and Ditman (1961), McEwen and Hervey

(1958), and Wolfenbarger (1965), as well as against Heliothis spp.

by Ignoffo, Chapman, and Martin (1965), indicate that the combina-

tions used show promise for control purposes, but give no good
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quantitative comparisons between results of virus used alone,

chemical used alone, and their combination.

Laboratory Studie s

Laboratory experiments to investigate the exact nature of the

effects of dual challenge are few in number. Haenggi (1965) fed

varying amounts of DDT and Bacillus thuringiensis to different

larval instars of the black cutworm, Agrotis ypsilon (Rottemburg)

(Lepidoptera: Noctuidae). In tests involving fourth instar larvae,

he obtained an apparent synergistic response between bacterium

and chemical. Separate doses of virus and chemical producing 3%

and 0% mortality respectively, produced 57% mortality in combina-

tion. Another group of larvae received the same amount of virus but

a chemical dosage producing 53% mortality in controls. A total

mortality of 53%, indicating no synergism, resulted from this

combination. In sixth instar larvae, inhibition of activity of one or

both agents was noted when high levels of each were used. Haenggi

concluded that more tests were needed to clearly define the causes

of the various phenomena reported.

In tests utilizing Lindane in combination with Bacillus cereus

var. galleriae Toumanoff and LeCorroller against the Angoumois

grain moth, Sitotroga cerealella (Olivier) (Lepidoptera: Gelechiidae),

and its egg parasite, Trichogramma cacoeciae Marchal
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(Hymenoptera: Trichogrammatidae), Sander and Kot (1964) reported

that the bacterium gave little added control over Lindane used alone

against the host. Mortality among the parasites, however, while

still in the treated host eggs, was greatly increased by the addition

of bacteria to Lindane. In this case, the combination treatment

proved detrimental,

Bratt-Wildschut (1966) reported on infection of Leptinotarsa

decemliniata (Say) (Coleoptera: Chrysomelidae) with Beauveria

bassiana (Balsamo) Vuillemin and a sublethal dosage of DDT. She

found that a DDT dose resulting in 40 to 50% mortality, when added

to a fungal dose giving 80 to 90% mortality, resulted in 90 to 100%

mortality. Pristavko (1966) also used DDT and B. bassiana to

challenge L. decemlineata. The author reported, as did Telenga

(1964), working with the same system, that the combined treatments

resulted in higher mortality than did single treatment totals. They

concluded that enhancement of total mortality was due partly to DDT,

partly to normally non-pathogenic gut microorganisms which became

pathogenic after penetrating the gut following the physiological weak-

ening of that barrier by DDT, and partly to the fungus. Reports on

other similar tests involving fungi and insecticides are described by

Muller-Kiigler (1965).

Two interesting reports on the combination of chemical

insecticides and nuclear polyhedrosis viruses are cited. The first
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is that of Schnyder (1967) who tested DDT and virus against larvae

of the Sterrha seriata Schranck (Lepidoptera: Geometridae).

Schnyder fed larvae virus dosages giving approximately 50% and

90% mortalities. He then challenged these larvae with various

schedules of sublethal doses of DDT. In two tests, constant DDT

stress was applied by treating the insects at one, three, six, and

nine days, or variations of that schedule, with doses causing no

more than 14. 3% total non-virus mortality. Mortality due to virus

decreased in combined treatments of larvae receiving a median virus

dosage. The author concluded that a slight antagonistic effect of the

DDT against the virus was occurring. Mortality due to virus in

heavily infected larvae was not influenced by DDT treatment. In this

case, the author concluded that once the infectious process is started,

DDT has no effect in stopping it. In a third test, larvae challenged

six days previously with a high level of virus, were again challenged

with one of a series of four DDT dosages causing from 8.7 to 78. 3%

mortality in non-virus treated controls. Here, virus mortality

decreased and non-virus mortality increased with increasing DDT

dosage, resulting in nearly complete mortality from combined

insecticidal activity.

A second paper by Girardeau and Mitchell (1968) reports on a

synergistic effect between the cabbage looper, T. ni, nuclear

polyhedrosis and the insecticides endrin, endosulfan, and trichlorfan.
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These authors found that prestressing larvae by feeding a dose of

polyhedra causing less than 10% mortality in controls made them

much more susceptible to the action of the insecticides when admin-

istered 24 or 48 hours later. Only 20 to 33% of the singly applied

LD 50 dose was needed to produce 50% mortality in the pretreated

larvae. This work clearly demonstrates the potential of chemical

insecticide and pathogen combinations.

Consumption-Utilization Studies

Consumption and utilization of food by lepidopterous larvae

have been studied by a number of authors. Waldbauer (1968) pro-

vides an excellent summary of work in this field and provides the

necessary formulas for computing consumption and utilization as

studied in my research as well. His paper also discusses the vari-

ous methods available for such computations and the assumptions

which must be made when using each. No consumption data for

healthy P. saucia larvae are available. Wittig (1966) studied the

egestion time for this species as an aid in understanding the fate

of ingested pathogens. A number of papers are available on con-

sumption by other phytophagous Lepidoptera. Of particular interest

are those by Crowell (1941) and Soo Hoo and Fraenkel (1966) on the

southern armyworm, Prodenia eridania Cramer (Lepidoptera:

Noctuidae), Evans (1939) on Phalera bucephala (Linnaeus)
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(Lepidoptera: Notodontidae), Aglais urticae (Linnaeus) (Lepidoptera:

Nymphalidae), Smerinthus populi (Linnaeus) (Lepidoptera:

Sphingidae), Malacosoma neustria (Linnaeus) (Lepidoptera:

Lasiocampidae), and Pieris brassicae (Linnaeus) (Lepidoptera:

Pieridae), McGinnis and Ka sting (1959) on the pale western cutworm,

Agrotis orthogonia Morrison, Mather (1967) on Prodenia litura

(Fabricius) and Trichoplusia ni, and Satterthwait (1933) on Agrotis

ypsilon. In comparing these reports, it is clear that measurements

of consumption and utilization vary greatly with insect species and

type of food provided.

One of the most common criticisms against the use of viruses

and certain other microbial insecticides concerns their inability to

produce rapid kill or cessation of feeding. To my knowledge, no

quantitative measurements of the amounts of food consumed by

infected larvae have been presented. Benz (1963) and Martignoni

(1964a) reviewed work concerning the effects of pathogens on the

physiological processes of alimentation and gave explanations for

abnormal food uptake, digestion, and absorption, but quantitative

uptake and utilization studies are lacking.

Peridroma saucia (Hubner)

The variegated cutworm, Peridroma saucia (Hubner) [ = Peri-

droma margaritosa (Haworth), = Lycophotia margaritosa saucia
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(HUbner)] is a serious pest of garden and field crops throughout most

of the cultivated portions of the world (Metcalf and Flint, 1962). It

feeds on a variety of host plants, either below, on, or above ground,

depending on the plant species, but it is generally classed with the

climbing cutworms. Lovett (1915) described the life cycle of the

insect in Oregon, wnere it only occasionally becomes a significant

pest but is always present. Apparently, two and possibly a partial

third generation occur each year, but the last two are normally

greatly reduced by various natural enemies. Half to full grown

larvae overwinter in the soil, complete their development in early

spring, pupate in cells in the soil, and emerge in late spring and

early summer.

The Nuclear Polyhedrosis Virus of Peridroma saucia

A polyhedrosis virus from the variegated cutworm was first

reported by Steinhaus (1957). Although not specified as such in that

publication, this was a nuclear polyhedrosis virus (C. G. Thompson,

personal communication). It was received by Steinhaus in 1953 from

a source in Texas. Later studies (Steinhaus, 1960) showed that the

virus produced mortality in an average of 8.6 days (range 5 to 19

days) at room temperature. The effects of infection by this virus

as well as a granulosis virus (Steinhaus, 1947) on hemolymph

composition and biochemistry have been studied extensively
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(Martignoni and Mil stead, 1964, 1966, 1967; van der Geest and Craig,

1967). Martignoni (1964b) also injected the nuclear polyhedral virus,

freed from the inclusion bodies, into adult Peridroma and demon-

strated infection in tissue preparations. No work has been reported

on the use of this virus for practical field control.

DDT

DDT, while presently declining in favor because of residue and

tolerance problems, is still one of the most effective chemicals for

cutworm control. Tests by Harris, Mazurek, and White (1962) and

Harris and Svec (1968) compared contact toxicities of DDT and several

other compounds against Pe ridroma. In the 1962 tests, aldrin,

dieldrin, endrin, and heptachlor were found to produce higher con-

tact toxicity than DDT. The use of all four of these pesticides is,

however, now severely restricted due to serious residue problems.

In 1968 Lannate® was found slightly superior to DDT, which was in

turn more effective against the cutworm than parathion, Dursban®,

Ciba 8874, Birlane®, and Bayer 37289. In soil treatments, DDT

was only slightly less effective than was Dursban and aldrin, but was

much more effective than Lannate (83% versus 20% control at one-

fourth pound actual per acre). Thus of the materials presently avail-

able or being tested, DDT ranks very high as an all purpose control

agent for Peridroma. With the present trend toward lowering DDT
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tolerances, any method which would allow its continued use, while

lowering residue levels, should be of great benefit to agriculture.
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MATERIALS AND METHODS

The Experimental Insect

Larvae used in the bioassays were obtained from a continuous

laboratory culture started from field collected adults obtained during

the months of June and July 1968. A black light trap with a dry ice

containing receptacle was utilized at one location in Corvallis, Ore-

gon, and at a second location one mile east of Corvallis. Insects

entering this trap were quickly cooled and anesthetized but not killed.

Thus the moths did not destroy their wing patterns and were easily

identified. Only females were kept, and these were nearly always

found to be gravid. Gallon jars were set up with a container of 8%

sugar water solution absorbed in cotton and a vertical paper towel

folded in pleats. Females oviposited on these towels within one to

three days, the eggs being laid in large patches of from 150 to 500

eggs. Egg masses were cut out and immersed in 0.8% Chlorox for

30 minutes with frequent agitation, rinsed with tap water, air dried,

and stored under humid conditions until hatching. Eggs could be

refrigerated at 4°C for up to two weeks with little loss in viability.

Larvae normally hatched within three to five days following

oviposition and were transferred with a camel's hair brush onto bean

media (Shorey, 1963) in a standard disposable petri dish. A piece of

media measuring approximately 15 x 12 x 30mm was sufficient for
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rearing 20 larvae through the fourth instar if held in a humid atmos-

phere. All treated larvae and rearing stock was maintained at 25°C.

Humidity was not measured, but a water surface of approximately 64

square inches was maintained within the incubator throughout the

experiments. Only fourth instar larvae weighing between 40 and

60mgs were used for the bioassays. This size was normally reached

in eight to ten days.

Healthy fifth instar larvae were selected from the cultures for

maintaining the colony and were reared individually in petri dishes

to prevent canibalism, which was common in the last two instars.

Adults emerging from pupae in the petri dishes were placed in gallon

jars for mating and oviposition. The complete generation time was

approximately 40 days, although test larvae were reared continuously

and no distinct generation data was maintained on them.

The Experimental Virus

Virus used in the bioassays was produced during the summer

and fall of 1967. Approximately 6, 000 cutworm larvae were artifi-

cially infected and harvested in order to obtain virus for field and

laboratory testing.

Virus production larvae were reared in eight ounce ice cream

cups containing bean media until they reached early fifth instar. At

that time each larvae was placed in an individual petri dish and fed
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a 10mm 2 piece of leaf from curly dock, Rumex crispus Linnaeus,

which had been dipped in a highly concentrated suspension of the

virus. The original source of virus was from Dr. Y. Tanada of the

University of California at Berkeley. After consumption of the con-

taminated foliage, the larvae were again placed in ice cream cups

on fresh media with ten larvae per cup. Some canibalism occurred

but an average of eight larvae per cup were harvested six to nine days

following inoculation. Only larvae in the advanced stage of the dis-

ease, as evidenced by lethargy and whitening of the body color, were

collected.

Standard methods of polyhedra purification were employed.

Briefly, the larvae were macerated in a Waring blender with small

quantities of 0. 01 M Tris buffer (2-amino- 2-hydroxymethyl 1-1, 3-

propanediol), pH 7.0, strained, first through cheesecloth, and then

30 mesh nylon screening, differentially centrifuged in a clinical

centrifuge, and finally suspended in small quantities of buffer. For

the bioassay work, the polyhedra were further purified by passage

through a continuous sucrose gradient as described by Martignoni,

Breillatt and Anderson (1968), using an International BD-2 ultra-

centrifuge equipped with a 969 swinging bucket rotor (International

Equipment Company, Needham Heights, Massachusetts). Ten ml of

a 60 to 50% (w/w) sucrose gradient was used, overlayed with 2m1 of

roughly purified virus suspension. Centrifugation of this gradient
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at 0°C for three hours under vaccuum at 25, 000 rpm (112, 000 g at

maximum radius) produced a sharply defined band of polyhedra which

was removed, diluted in buffer, and resedimented at low speed

(10, 000 rpm, 15 minutes) to remove the sucrose. The resulting

pellet was resuspended in a small amount of Tris buffer. All bio-

assays were made with polyhedra from this preparation. Polyhedral

counts needed for the study were made on an Improved Neubauer

Hausser Hy-Lite Ultra Plane Hemocytometer.

Dilutions of polyhedra for bioassay were made in 2% Methocel

solution. This technique, utilized by McLaughlin, Bell, and

Daum (1967), helped prevent inaccurate dosage due to rapid settling

of the particles from suspension. Diluted inocula were stored in

serum bottles at 4 o
C.

The Experimental Chemical

The DDT used in this study was from the Entomological Society

of America's Pesticide Reference Standards. It consisted of 99+% of

the p, p' isomer of DDT. Chemical and physical properties of the

sample are described by Kenaga (1966).
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Methods of Inoculation and Calculation of Dosages

Chemical

A reproducible method of accurately administering known

dosages of DDT and virus to each insect was essential to the success

of tnis work. Attempts to administer DDT orally, either by micro-

injection or by feeding treated foliage were unsatisfactory. Micro-

injection of DDT dissolved in olive oil or other light oils directly into

the gut gave very eratic mortality figures. When similarly adminis-

tered in acetone, evaporation within the needle caused volumes

injected to vary slightly. Evaporating acetone containing DDT on

foliage pieces and then feeding resulted in contact poisoning and

cessation of feeding before the leaf was consumed in many of the

insects tested. The method finally adopted consisted of dispensing

known volumes of acetone containing known quantities of DDT on the

mid dorsal surface of the test larvae and allowing the acetone to

evaporate. Susceptible insects usually showed DDT poisoning symp-

toms within a few hours and died within 48 hours. Symptoms in-

cluded spasmodic twitching, loss of water, and loss of appetite.

Weight normally dropped, or increased only slightly. At death,

larvae were shriveled and were frequently stuck to their petri dishes

by the dried fluids they had voided.
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Uniform volumes were dispensed from precalibrated 1/4m1

tuberculin syringes which were placed in a Dutky-Fest microinjector

(Dutky, 1942) (Figure 1). The syringes selected for all tests

delivered 0. 97541 of fluid per single click of the microinjector or

1.95111 per double click.

Dilutions of DDT were made by dissolving predetermined

amounts of chemical in specific volumes of acetone so that 1. 95p.1 of

solution would contain a specified weight of DDT. A series of pre-

liminary tests showed that the range of marginal toxicity using this

technique was between 0.1 and 1. 01.ig of DDT in 1. 95µl of acetone

per 40 to 60mg, fourth instar larvae. Dosages of either 0. 2, 0.3,

0.4, 0.5, or 0. 6pg were given to individual larvae in groups of

'45 each. Treated larvae were placed individually in petri dishes

with bean media and observed. Percent mortality due to DDT was

recorded and a probit analysis was performed on the data (Finney,

1964). The resulting dosage-mortality curve is given in Figure 2.

Dosages giving approximately 20 to 40% mortality were decided

upon as useful DDT mortality rates. From the curve, these were

calculated as 0. 2 and 0.34g of DDT per larvae respectively. As

these dilutions were already available, no further preparation was

necessary. All dilutions involving acetone were made by syringe

injection into tightly stoppered serum bottles in order to prevent

inaccuracies due to evaporation. By withdrawing air from the



Figure 1. Apparatus used for per os Microinjection
with Larvae in Injection Position.
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Figure 2. Dosage Mortality Regression Curves for Virus and DDT.



24

bottles, a slight negative pressure within them was created, and

evaporation was found to be negligible over several months of stor-

age. Fresh solutions were prepared several times during the course

of the studies and were bioassayed by testing the 0. 24g dose against

a sample of larvae to insure that proper dilution had been made.

Virus

The inoculation of larvae with polyhedra was accomplished by

per os microinjection, a technique commonly used in insect pathology.

Fine needles were prepared by drawing out capillary tubing heated

over a flame. The drawn tubing was broken at a point providing the

proper needle diameter, and the tip was carefully fire polished.

Needle diameter could easily be varied for different size insects by

varying the draw rate. With practice, needles of fairly uniform

diameter could be produced. The drawn needles were mounted with

Diatex 1 in specially prepared hypodermic syringe needle bases using

the second method described by Martignoni (1959). Assembled

needles were dry heat sterilized. Used needles were placed in

acetone to dissolve the Diatex and reclaim the needle base for reuse

with a new needle.

In order to inoculate larvae, the needles were mounted on

1/4m1 calibrated tuberculin syringes and placed in the Dutky-Fest

1A product of A. B. Allen Svensson, Malmo, Sweden.
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Microinjector (Figure 1). The tips of the needles were placed below

the 1X objective of a dissecting scope with 10X eyepieces. Larvae

anesthetized for five minutes with ether were placed on a support just

below and facing the needle tip. The insect was then slipped over the

needle by careful manipulation with forceps. When the needle was in

the midgut, a 1. 95p.1 volume of liquid was injected.

Virus killed larvae showed typical characteristics of nuclear

polyhedrosis, with complete breakdown of internal tissues at death

and weakening of the integument. Examination of small amounts of

tissue with a light microscope was used to verify virosis. Nuclei of

trachea, fat body, blood cells, and integument were typically filled

with polyhedra in cases of virus caused mortality.

Preliminary testing of a number of dosages produced the

dosage-mortality response curve of Figure 2. This data was also

given the probit transformation and analysis. Mortality levels of 20

and 50% were decided upon for use in the combination experiments.

These were calculated as 975 and 9, 750 polyhedra per larvae,

respectively. A portion of the highly purified stock polyhedral sus-

pension used in the bioassays was diluted so that these amounts would

be placed in 20m1 serum bottles, tightly stoppered to prevent

evaporation, and stored at 4oC when not being used.
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Virus and Chemical

In the treatments requiring application of both virus and chemi-

cal on the same day, larvae were anesthetized, injected with virus,

and then treated topically with DDT approximately ten minutes later.

Larvae receiving both treatments, but on separate days, were treated

with virus on day zero and with DDT 24 hours later or vice versa.

Standard methods used for single treatments were used in all cases.

Control larvae in early tests were injected with Methocel or 0. 01 M

Trisma buffer or treated topically with acetone at the same volumes

used with inocula. Mortality and food consumption were not effected

by these treatments, so they were not continued. All control insects

for virus treated larvae received five minutes of ether anesthesis in

all experiments.

Care of Treated Larvae

Larvae for use in the tests were selected from the stock

cultures approximately three hours prior to inoculation and held

without food in petri dishes. This slight starvation facilitated per os

inoculation due to the emptying of the forward portion of the midgut

of solid food. Following inoculation, treated larvae were placed in

individual, labeled petri dishes containing pre-weighed quantities of

bean media which were removed and replaced with fresh media at
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varying intervals. Dishes were stored in an incubator at 250C until

death or pupation. Each insect was examined daily for symptoms of

poisoning or disease.

Food Consumption and Utilization

To determine how much food each larvae consumed, the wet

weight of the food was measured before it was fed. Because the

wet weight of media can change with storage, water content, varia-

tion between media batches, and other factors, all wet weights were

converted to dry weights for more valid comparisons. This was

accomplished by weighing several (usually five) samples of media

during each feeding, and oven drying them to constant weight at

110
o

±5
o

C. The dry weight of each sample was measured and divided

by its wet weight. All wet weights of media fed on that day were then

multiplied by the average dry weight/wet weight ratio of the samples

in order to obtain the dry weight fed to each insect. The average dry

weight/wet weight ratio using this technique was 0.229 as calculated

from 82 averages representing 361 samples. Daily averages ranged

from 0.199 to 0.243, however, indicating the necessity for their

calculation. At the end of a prescribed time period of either two

days or after completion of larval development, depending upon the

test, all unused food was removed and oven dried. This weight was

subtracted from the dry weight fed and represented consumption.
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As used in this study, utilization is defined as total food di-

gested, whether used for metabolism or tissue production.

To calculate the dry weight of media which each insect utilized,

frass was collected at the same time that unused media was removed

from the dishes. Oven dry weights for frass were obtained and sub-

tracted from the consumption dry weight weights previously calcu-

lated. Assuming that the insect adds no metabolic wastes to the

excretia, these utilization figures should be fairly accurate. This

assumption, as discussed by Waldbauer (1968), is not entirely valid.

Insects do excrete urine with the frass, although those feeding on low

protein diets excrete only small amounts. Hiratsuka (as cited by

Waldbauer, 1968, p. 235), for example, found that feces of silkworm,

Bombyx mori, contained from 0. 51% uric acid in the first instar to

0. 24% in the fifth. Adjustment of the frass dry weights by these

amounts resulted in an increase of calculated percent of food digested

of less than 0.5%. In my study, no measurements of uric acid con-

tent of frass were taken. The assumption is made that the level is

low and thus, that the utilization figures are within a few percent of

the true values.

Food can be utilized as energy or for tissue production. The

efficiency of an insect can be described by the percentage ratio of

the weight it gains to the weight of food it utilizes to achieve that

gain. Another measure of percent efficiency would be the weight
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gained divided by the total food dry weight consumed to achieve that

gain. Waldbauer (1968) refers to the former as the E. C. D. or

efficiency of conversion of digested food to body substance and the

latter as the E. C.I. or efficiency of conversion of injested food to

body substance. The E. C.I. is a gross measure which is more

suited to comparisons of digestibility of different foods while the

E. C. D. is more useful for comparing the energy expenditures be-

tween insects whether fed the same or different foods. For this

study the E. C. D. will be used for comparisons between treatments.

To calculate either, it is necessary to determine the dry weight gain

of the larvae for comparison with food and frass values. Because

the test insects could not be sacrificed for dry weight determinations

and because several weights were needed for each one, it was

necessary to use control insects to obtain wet weight to dry weight

conversion ratios. Two hundred eighty-eight larvae representing the

entire developmental weight range were selected from the stock

colonies. Each was weighed, oven dried, and reweighed. Wet

weight classes of 0 to 100mg, 101 to 200mg, etc. were set up, and

average wet and dry weights were obtained for all larvae in each

class. The class wet weight/dry weight ratios were then calculated

and plotted. Preliminary observations had shown that larvae losing

weight prior to pupation had different wet weight/dry weight ratios

than larvae gaining weight. Therefore, a portion of the 288 larvae
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represented decreasing weight classes. Graphs of increasing and

decreasing dry to wet weight ratios are presented in Figures 3 and

4 respectively. For calculations, conversions of wet to dry weights

were made by use of these graphs. Dry weight was found to increase

and decrease logrithmically while wet weight increased logrithmically

but decreased arithmetically. This arithmetic decrease is appar-

ently due to a simple constant rate of water loss and gut evacuation

in preparation for pupation.

Virus Production

Virus production among treatments was determined by pooling

all insects diagnosed as having been killed by virus within each

replication. Each pooled sample was then macerated with 2 to 5m1

of tap water in a 10m1 capacity tissue grinder with teflon pestle.

This material was then placed in a 100m1 volumetric flask along

with the mortar washings and brought to volume. Absolute polyhedra

counts, using the hemocytometer previously described, were made

at these or higher dilutions.

Experimental Design

Three experiments were set up which were identical except

for the sequence of challenge with DDT and virus, In Experiment 1,

larvae were challenged with virus on day zero and did not receive
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Larval Wet Weight in Grams (Log Scale)

Figure 4. Graph of the Relationship Between Wet and
Oven Dry Weights of Peridroma saucia
Larvae Which are Decreasing in Weight.
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DDT until 24 hours later. A weakening of the host or reduction in

resistance to virus infection was hypothesized in this experiment.

In. Experiment 2, the sequence was reversed, virus being adminis-

tered 24 hours following treatment with DDT. Experiment 3 involved

treatment with both agents at a close interval as described under

Methods of Inoculation and Calculation of Dosages.

The interrelationships of treatments used in the experiments

are diagrammed in Table 1. Only four of the treatments involve

combination or dual challenges with both insecticides. The marginal

values for single DDT and virus doses provide estimates for use in

determining interactions, as will be discussed in the section on

analysis of the data.

In all tests the treatment receiving no virus or DDT can be used

as a control for natural mortality adjustments. If uncontrollable

deaths occur in this treatment, it must be assumed that similar

mortality factors are occurring in all treatments, and appropriate

adjustments in the data must be made. By converting absolute deaths

to percentages, Abbott's formula (Abbott, 1 9 25) can be applied to the

data where necessary. In my tests, no corrections were necessary,

since no control insects died within the first ten days following

treatment. For purposes of the mortality analyses, all tests were

terminated at day ten as all virus and DDT caused deaths occurred

within this period. Occasional mortality occurring in the prepupal
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stage due possibly to diet deficiencies, humidity, or other factors,

and not directly related to the treatments, was thus eliminated from

consideration in total mortality data. Forty-five insects were

individually challenged with each treatment in each experiment.

In order to reduce variance between treatments, groups of 135

larvae, or 15 per treatment were selected and treated on the same

day. Larvae were randomly assigned to treatments by mixing all

135 and withdrawing groups of 15. Three groups of 15 larvae simi-

larly treated on three different occasions were considered as one

complete treatment for an experiment. Data from all three dates

was pooled for between treatment estimates.

TABLE 1. DESCRIPTION OF THE TREATMENTS
AND THEIR INTERRELATIONSHIPS.

DDT
Dose

(pt,gs/larvae)

0. 0

0. 2

0. 3

Virus Dose (Polyhedra/larvae)

0 975 975 0

No Virus
No DDT Low Virus High Virus

Low DDT
Low Virus

+

Low DDT

High Virus
+

Low DDT

High DDT
Low Virus

+

High DDT

High Virus
+

High DDT
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Data

A total of 1, 215 insects were treated in all tests. For each

one, date of treatment, date of death or pupation, and dosages of

DDT and virus given, were recorded. Diagnosis of all deaths was

recorded when appropriate with notes on any unusual occurrences.

Insects successfully pupating were incubated until emergence, when

date and sex were recorded.

For the first group of 15 insects from all treatments and

experiments bidaily dry weight gain, bidaily consumption, and bi-

daily utilization figures were calculated. For the remaining insects,

total consumption and utilization values, rather than two-day figures

were calculated and no weight gains were maintained.

Polyhedral production was recorded as absolute numbers

produced per treatment.

Analysis of the Mortality Data

In order to test for interactions, the observed number of deaths

in treatments receiving both DDT and virus are compared with the

expected number of deaths derived from the probability equation

- (PDDT PVirus), (1)PDDT, Virus
p +

DDT PVirus

where PDDT is the probability that an insect will die of DDT

poisoning and P is the probability that an insect will die fromVirus
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virus infection. A number of insects will be susceptible to both, and

that number is included in both PDDT and PVirus. By subtracting

their product, or the probability that an insect which died of either

DDT poisoning or virus infection would also have died due to the

second agent, dual susceptibility is accounted for only once. In

practice, dual challenge results in rapid DDT kill of a portion of a

sample population within one to three days followed by virus caused

deaths at six to nine days. Thus, in the absence of any interactions

between virus and DDT, a number of virus susceptible insects are

eliminated quickly and the absolute virus kill is less than virus kill

when DDT is not present. Table 2a is a probability model for ex-

pected mortality in each of the nine treatments. The probabilities

presented may be applied to an individual insect, to a sample or to a

population.

The design presented in Table 1 provides estimates of all

probable values in Table 2a. Single level treatment responses are

used as best estimators of expected combination responses according

to the formula

DDDT, 17:i T
DVirus D

DDT (D Virus DDDT)
n r.2

1 2
(2)

where D is the number of deaths due to the agent given in the sub-

script and n1 and n2 are the respective numbers of observations or

individual insects challenged. Observed and expected responses are



TABLE 2. PROBABILITY MODEL FOR ADDITIVITY OF
MORTALITY IN LARVAE SINGLY AND
SIMULTANEOUSLY TREATED WITH
DDT AND VIRUS.

A = Low pathogen dose
B = High pathogen dose

0

C

D

U) 0

U)

0

H

0

C

D

0

C = Low insecticide dose
D = High insecticide dose

Virus Dose

A B

37

0 P(A) P(B)

P(C) P(A)+P(C)-P(AC) P(B)+P(C)-P(BC)

P(D) P(A)+P(D)-P(AD) P(B)+P(D)-P(BD)

a. Expected Mortality Due to DDT and Virus

0 A B

0 0 0

P(C) P(C) P(C)

P(D) P(D) P(D)

b. Expected Mortality Due to DDT Only

0 A B

0 P(A) P(B)

0 P(A)-P(AC) P(B)-P(BC)

0 P(A)-P(AD) P(B)-P(BD)

c. Expected Mortality Due to Virus Only
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then compared by a X2 test with four degrees of freedom according

to the formula

X2 - E(0
)2

(3)

where 0 is the observed number of insects killed and E is the ex-

pected number of deaths. This value is then compared against the

table of X2's at the 0. 05 level. The hypothesis that virus and DDT

are independent as stated by the equality of Formula (1) is accepted

if the calculated x2 falls below 9.49 (x205, df). If the X2 value is

greater than 9.49, non-independence is concluded. Non-independence

indicates that the effects of each agent are not additive. This could

be due to an interaction where one agent stimulates or hinders the

activity of the other, or it could be due to overlapping of dual

susceptibility, i.e. those insects showing susceptibility to virus

would also be those showing susceptibility to DDT.

If total mortality proves no different from expected mortality,

addition of effects is the overall result of combining treatments. The

additivity, however, could have resulted from higher than expected

DDT kill coupled with lower than expected virus kill or vice versa.

By analyzing the observed mortality due to each agent in the combina-

tion treatments, information on the nature of the additivity or non-

additivity involved can be gained. Again, expected values for DDT

and virus deaths can be determined. Probabilities for DDT deaths
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are given in Table 2b. Since DDT acts first in combination treat-

ments, similar doses should produce similar death rates regard-

less of the presence of virus, if the effects of both are independent.

Expected virus deaths in the combination treatments, however, will

be equal to the deaths due to virus when applied singly, minus the

portion of DDT killed larvae which would also have been killed by

virus infection. These probabilities, listed in Table 2c, are simply

the remainders of treatments from Table 2a minus treatments from

Table 2b.

Since data on cause of death is available, probable quantities

of Tables 2b and 2c can be calculated and X2 tests can be run on both

DDT and virus mortalities in the same manner as for total mortality.

In the DDT tests significant X2 values can be considered as an indica-

tion of synergism or antagonism, since no masking of DDT mortality

by virus mortality occurs. The exact nature of the interaction can

be determined by graphing mortalities as percents for both observed

and expected responses of each DDT level over both virus doses.

Antagonism would appear graphically as lower observed than ex-

pected lines, synergism, as higher observed than expected lines.

Additive effects should result in lines which are reasonably similar

with respect to arithmetic values of the points and to parallelity.

Significant X2 values for virus mortalities are more difficult

to explain. Mortalities observed that were lower than expected
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could be due to true antagonism by DDT or to a higher than expected

number of DDT killed larvae being susceptible to virus as well.

Higher observed than expected mortalities would be due to a syner-

gistic action of DDT whereby the virus was made more virulent or

the susceptibility of the host was increased. Plots of percent

mortalities at each virus level over both DDT levels will aid in

explaining results which indicate non-independence in virus or DDT

mortality.

In addition to the total x2 tests, x 2 for two cell comparisons

over each level of DDT and virus can be made with one degree of

freedom each. By computing the contribution of each cell or

treatment to the total x2,, nferences on the exact nature of any

deviations from additivity can be made.
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RESULTS AND DISCUSSION

Mortality Data

Results of Experiment 1 - Virus Challenge Followed by DDT
Challenge at 24 Hours

The total number of deaths per treatment due to virus and DDT,

DDT only, and virus only for Experiment 1 are presented in the boxes

of column one of Table 3. All figures represent the number of deaths

in 45 treated insects. The boxes in column two contain expected

numbers of deaths based on the probability models of Table 2 and

were computed using the observed single dose values of column one.

X2 values for determining whether actual and expected deaths are

significantly different have been computed from the combined treat-

ment values of table columns one and two and are presented in

column three. The contribution of each comparison to the total X2

is shown in the appropriate box. Marginal totals give X2 values with

one degree of freedom for comparisons of actual and expected values

of the respective rows and columns. The grand total provides a

measure of the overall independence of virus and DDT response.

Based on all the data, neither total mortality, mortality caused by

DDT, or mortality caused by virus differed significantly from

expected mortality at the 5% level. In all three cases, DDT and

virus act independently of each other.
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While DDT deaths, in most cases, indicate independence from

the effects of virus, significant differences are seen in the low DDT

dose row and the low virus dose column. It is quite apparent that the

major portion of this difference is due to a higher response in DDT

kill following low virus, low DDT treatment. Based on this data, an

overall synergistic action of virus on DDT can be concluded at that

one level.

In total, virus mortality does not differ from that expected,

but a slightly significant (5% level) lowering of virus deaths at the

high virus level is noted, indicating a possible antagonism of DDT

on virus.

Graphical illustration of the data in Table 3 is presented in

Figure 5. The comparisons discussed above can be seen more

qualitatively in these graphs.
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TABLE 3. OBSERVED AND EXPECTED MORTALITIES FOR
EXPERIMENT 1 (VIRUS CHALLENGE FOLLOWED
BY DDT CHALLENGE AT 24 HOURS) WITH x
VALUES AS TESTS OF THE SIGNIFICANCE
OF THEIR DIFFERENCES.

0

L

H

0
a)

L
H

H

0

L

H

Observed Deaths Expected Deaths

0 L H

0 15 21

6 19 18

15 29 24

0 L H

0 0 0

6 11 3

15 18 14

0 L H

0 15 24

0 8 15

11 10

Virus and DDT

L

H

L

H

L

H

Virus Level

L H

19.0 24. 2

25.0 29.0

DDT Only

6. 0 6. 0

15.0 15.0

Virus Only

L H

13. 0 20. 8

10.0 16.0

*Significant at the 5% level.

X
2 Value s

L

H

L H

1.59

1.50

.00 1.59

. 64 .86

. 64 2. 45 3. 09

L H

L 4.17 1.50 5.67*

H . 60 .07 . 67

4.77 1.57 6. 34

L H

L 1.92 1.62 3.54

H .10 2. 25 3. 25

2. 0 2 3. 87* 5. 89
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Results of Experiment 2 - DDT Challenge Followed by Virus
Challenge at 24 Hours

The data for Experiment 2 are presented in Table 4 and

Figure 6 in the same manner as for Experiment 1. None of the

calculated X2 values for total mortality or for that due to virus only

are large enough to conclude that effects of virus and chemical are

not independent of each other. Based on the data for virus mortality,

it can be said with 99% confidence that more virus deaths occurred

than would be expected if DDT were not involved, and that DDT,

coupled with the low virus dose, acts as a synergist on the virus.

The high X2 value is a direct result, in this case, of a small

kill (one insect) at the low virus dose resulting in even smaller

expected kills. When the tests were set up, no provision was made

for increasing dosage at 24 hours challenges in order to make up for

the effects of increased weight or age on susceptibility to DDT or

virus. As a result, lower single challenge mortalities were

realized, and comparisons at lower response levels than anticipated

have resulted. This proved particularly true for the virus, as indi-

cated by Table 4 and Figure 6c. The contribution that virus makes

to total mortality is very small. Some information has been lost,

some gained, but the necessity of including actual measures of single

dose responses is given further importance by this consideration.
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TABLE 4. OBSERVED AND EXPECTED MORTALITIES FOR
EXPERIMENT 2 (DDT CHALLENGE FOLLOWED
BY VIRUS CHALLENGE AT 24 HOURS) WITH x2
VALUES AS TESTS OF THE SIGNIFICANCE
OF THEIR DIFFERENCES.

0

L

H

0

a)
L

H

0

L

H

Observed Deaths Expected Deaths

0 1 8

12 13 18

25 30 37

0 0 0

12 9 11

25 25 34

0 L

0 1 8

0 4 7

0 5 3

Virus and DDT

H

L

H

L

H

Virus Level

L H

1 2. 7 17.9

25.4 28. 6

DDT Only

L H

1 2. 0 1 2. 0

25.0 25. 0

Virus Only

L H

.7 5.9

.4 3. 6

**Significant at the 1% level.

X2 Value s

L H

L . 01 . 00 . 01

H .83 2. 47 3. 30

.84 2.47 3. 31

L

H

L H

.83

3. 24

. 75 . 08

.00 3. 24

.75 3.32 4.07

L H

L 15.56 . 20 15.76`

H 5 2. 90 .10 53.00

68.46 .30 68.76
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Results of Experiment 3 - Simultaneous DDT and Virus Challenges

Data for the simultaneous application experiment is presented

in Table 5 and is illustrated graphically in Figure 7 in the same man-

ner as for the previous two experiments. Total mortality and

mortality due to virus alone show no significant individual or overall

differences from the expected mortalities. Additive or simple

effects are concluded. Figure 7a and 7c illustrate these results

well. Observed and expected lines are reasonably parallel and

close together. DDT mortality is higher at all four treatments than

expected, although most of the significance in the total x value is

due to the high virus, high DDT treatment, where DDT deaths were

significantly higher than expected. Figure 7b illustrates this

deviation very clearly. In this experiment, then, virus apparently

acts in a slightly synergistic manner, resulting in increases in

mortality due to DDT, particularly when both are applied at the

higher rate s.
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TABLE 5. OBSERVED AND EXPECTED MORTALITIES FOR
EXPERIMENT 3 (SIMULTANEOUS CHALLENGE
WITH DDT AND VIRUS) WITH X2 VALUES AS
TESTS OF THE SIGNIFICANCE OF THEIR
DIFFERENCES.

0

L

H

0
a)

L
H

H

Observed Deaths Expected Deaths

0

0 18 21

4 23 29

12 23 34

0 L

0 0 0

4 6 7

12 13 21

0 L

0 18 21

0 17 22

0 10 13

Virus and DDT

L

H

H

L

Virus Level

20.4 23. 1

25.2 27.4

DDT Only

L H

4. 0 4. 0

1 2. 0 1 2. 0

Virus Only

L H

16.4 19.1

13.2 15.4

*Significant at the 5% level.

X
2 Value s

L

H

L H

1.84

1. 78

. 33 1.51

.19 1.59

.52 3.10 3.62

L H

L 1.00 2. 25 3. 25

H . 08 6. 75 6.133

1.08 9. 00 10. 08

L H

L . 0 2 .44 .46

H . 78 . 37 1.15

.80 .81 1.61
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Effect of Treatments on Total Pupation

In the preceding analyses of mortality, only deaths due to

virus and DDT, corrected by death due to other causes within ten

days of treatment, were considered. There is a question as to

whether treatments may effect later stages as well, and thus, total

generation survival. Total numbers of larvae pupating in each treat-

ment are given in Table 6. Each figure represents pupae per 45

insects. With few exceptions, pupation decreases with increasing

dosage, whether of virus, DDT, or both, as would be expected where

results of mortality tests showed no unusual non-additive effects.

In Experiment 1, the lowering of mortality with high combined doses

is reflected in relatively high pupal numbers at the high virus dose.

No effects other than those seen in ten day mortalities are apparent

in the insects surviving to pupation. Deaths occurring between ten

days following treatment and pupation are evenly distributed between

all treatments, including controls.



TABLE 6. NUMBER OF PUPAE PER TREATMENT
FROM 45 LARVAE.

Mortality by Sex

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

Virus Dose (polyhedra/larvae)

0 975 975 0

43 26 21

39 24 26

29 16 18

Exp. 1

975 975 0

38 43 35

31 29 21

19 13 8

0

Exp. 2

75 975 0

36 24 19

38 21 16

29 20 10

Exp. 3
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The numbers of males and females, as determined by rearing

to the adult stage are given in Table 7 below. Some pupae were

discarded accidentally in the tests, so numbers are not absolute.

It is assumed that those lost were of similar sex ratios to those

retained. In summarizing the table, control treatments (0 virus,
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0 DDT) produced 48% females, all other treatments 52 %. Some

treatments show considerable differences but these cannot be consid-

ered significant due to the overall variation in both controls and

treated groups. On the basis of this information, I conclude that no

treatments used had more effect on one sex than on the other. Since

the survivors showed the same 1:1 ratio of the controls, those killed

were logically of that ratio as well.

TABLE 7. TOTAL ADULTS BY SEX RECOVERED
FROM EACH TREATMENT.

Treatment Exp. 1 Exp. 2 Exp. 3
Virus DDT o y e ? e y

o o 20 10 14 19 17 18

Low 0 12 8 16 19 12 11

High 0 10 10 12 12 8 11

0 Low 10 26 12 10 17 19
Low Low 12 11 18 10 7 9

High Low 12 11 9 8 5 8

0 High 11 11 9 8 11 16

Low High 11 3 2 9 12 7

High High 4 10 4 2 2 7

Discussion of the Mortality Results

In all three experiments, total mortality data indicated that

virus and DDT were operating independently. The mortality

observed in all combination treatments was not significantly greater

or less than that which would be expected, assuming the probability

model
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- (PDDT. PVirus ) .PDDT, Virus = PDDT + PVirus

All individual levels of combined mortality showed independence of

responses as well. For these reasons, I feel that DDT and virus, if

used in the field will produce an overall additive kill of Peridroma

if each is used in concentrations capable of significantly reducing a

portion of the population. To achieve the desired level of control,

DDT rates could be reduced by applying enough virus to kill the por-

tion of the population which is no longer affected by the DDT. Rates

to be used would have to be determined by past records or by field

tests for each material. The amount of DDT reduction possible

would be strongly governed by the amount of damage which could be

tolerated. Any reduction, however, would result in less residue,

less harm to beneficial insects, and less resistance to DDT by the

populations, and thus, would be desirable.

Some authors have studied combination treatments in terms of

the response of virus to the presence of insecticide (Schnyder, 1967)

or of insecticide to the presence of virus (Girardeau and Mitchell,

1968). Schnyder found that a reduction in virus mortality occurred

in the presence of DDT but it appears that that reduction is almost

completely compensated for by mortality which can be attributed to

the DDT. The virus mortality is probably not significantly lower than

that predicted by Table 2c, and in terms of total kill, the effects

appear to be nearly additive as found in my tests. Girardeau and
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Mitchell (1968) apparently did not consider mortality due to virus

in their LD
50

determinations for the insecticides used. Under field

conditions, total mortality would be increased even more by virus

caused deaths of pesticide resistant insects.

In my tests, responses to DDT showed significant increases

in two cases. Relative differences become quite significant when

comparisons of low mortality levels are made, as in the significant

response of DDT to the presence of virus at low levels of each in

Experiment 1. Similarly, the virus mortality response at low doses

of virus in the presence of DDT in Experiment 2 is statistically

higher than predicted, but in terms of practical control, little is

gained by such low dosage synergisms.

The statistically significant synergistic response described for

DDT mortality at high virus and high DDT levels may be an indica-

tion of a phenomenon with even greater practical significance. At

these levels, 47% of the insects died from DDT poisoning, as com-

pared to the 27% expected. At the low DDT, high virus level, 15.5%

as compared to 9% expected deaths occurred. Additional higher DDT

levels treated with similar virus levels would be desirable to estab-

lish whether this increased response would continue and form a

predictable non-additive response curve.

The significant decrease in virus deaths in Experiment 1 as

compared to expected deaths is difficult to explain. Whether due to
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antagonism by the chemical or to a random overlap of dually suscep-

tible insects, such a response is detrimental if natural replacement

of virus in the field is desired. Total mortality was similarly af-

fected but the effect was not statistically discernable. Again further

experimentation, either repeating the present work or adding addi-

tional combinations, would help clarify these findings.

Consumption Studies

Data for total food consumption by each treatment is presented

in Table 8. Comparison of these totals with the mortality figures

of Tables 3, 4, and 5 reveals a very close correlation with the

number of deaths. Linear correlation coefficients of . 99, . 98, and

.98 were calculated for the relationships between consumption and

the percent survival by treatments for Experiments 1 through 3

respectively. Because the majority of treatment consumption is

by surviving larvae, this high correlation indicates that no serious

deviations or changes in feeding habits are caused by the various

treatments. It does not, however, indicate what influence treatments

may have on consumption by sick larvae or how much sick and healthy

larvae eat.

Consumption data for individuals within each treatment which

suffered the same fate (death from DDT, death from virus, or

survival) was pooled to determine the influence of treatments on



TABLE 8. TOTAL TREATMENT FOOD CONSUMPTIONS IN
GRAMS OF MEDIA DRY WEIGHT.

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

Virus Dose (polyhedra/larvae)

0 975 9750

47. 89 32. 38 30. 38

43. 25 28.56 31..56

33. 35 20. 05 23.10

0

Exp. 1

975 9750

50.56 50. 28 46.13

35. 28 31.77 23.16

23. 32 16. 64 8. 73

0

Exp. 2

975 975 0

53. 84 39.10 31.17

46.85 30.69 21.64

37. 09 25.57 15.60

Exp. 3
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sick and healthy larvae. Average food consumptions for healthy

and virus infected insects in each treatment were then compared

using Duncan's new multiple range test for homogeniety between

means, as described by Steel and Torrie (1960). Table 9 presents

the results of these tests by experiments. The similarity of healthy

insect consumption is immediately obvious. No differences in mean



TABLE 9. COMPARISONS OF MEAN CONSUMPTIONS OF HEALTHY AND
VIRUS INFECTED LARVAE WITH DUNCAN'S NEW
MULTIPLE RANGE TEST.

Treatment
Experiment 1

Healthy
Expe riment 3Expe riment 2

Obser-
vations

Mean
Consumption

Obser-
vations

Mean
Consumption

Obser-
vations

Mean
ConsumptionVirus DDT

0 0 29 1. 073a* 44 1.149a 30 1. 155a
L 0 18 1. 098a 43 1.158a 16 1.170a
H 0 16 1. 1 24a 37 1. 177a 14 1.081a
0 28 1. 04 Za 32 1. 088a 28 1.05 2a
L L 17 1. 064a 30 1. 026a 15 1. 082a
H L 18 1.111a 22 1.011a 10 1. 1 22a
0 21 1. 036a 20 1.15 2a 27 1. 062a
L H 10 1. 1 25a 15 1. 076a 17 1. 04 2a
H H 13 1. 05 2a 8 1. 027a 11 1.147a

Virus Infected

0 0 0 0 0

L 0 11 . 209a 1 .519a 14 . 21 2a
H 0 14 .172a 8 . 321b 15 .194a
0 L 0 0 0

L L 7 .164a 4 . 226bc 14 .184a
H L 10 . 159a 7 . 11 2c 19 .137a
0 H 0 0 0

L H 9 .151a 5 . 089c 10 . 204a
H H 9 .141a 4 .118c 10 .143a

*Means followed by the same letter do not differ significantly at the 5% level.
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consumption of larvae surviving the treatments were significant.

This could indicate that the larvae were either completely unaffected

by the treatments or that any initial stimulatory or inhibitory effects

were compensated for following recovery.

Larvae fatally infected with virus showed a similar pattern,

with the exception of Experiment 2, where the treatment receiving

low virus only gave a mean consumption which was significantly

higher than all others. This mean was based on only one observation,

however, and it is doubtful that it would remain so high with more

observations. The mean for the high virus, zero DDT treatment was

also significantly higher than all the remainder except that of the low

virus, low DDT treatment. All others were not significantly differ-

ent. In comparisons of all means from all experiments, these two

proved to be significantly distinct from each other and from all

others. The overall relationships are not clearly defined by the

data, but a 24 hour delay of singly applied doses of virus, as in

Experiment 2, results in significantly higher consumption than by

larvae infected either 24 hours earlier or at 24 hours in combination

with DDT. These results demonstrate the necessity of properly

timed field applications when viruses are being used for control work.

Consumption by DDT killed larvae was quite low. No compari-

sons were made between treatments because no pattern or trends

were apparent. In practical terms essentially no consumption
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occurred. An average of 0.01 gram of media (dry weight) was con-

sumed by each of 170 larvae dying from DDT poisoning in the test

insects. This compares to 0.177 gram for all virus killed insects

and 1.098 grams for all healthy insects. In percentages, virus

killed insects ate 16% and DDT killed ate 1% as much as healthy

insects.

Using bidaily consumption data, an illustration of this relative

consumption can be obtained. The bidaily consumption of all virus

killed insects from treatments receiving low and high virus doses

only in Experiments 1 and 3 were pooled and averaged. These means

were plotted against time to give the consumption-time curve in

Figure 8. For comparison, consumptions of healthy larvae from

zero virus, zero DDT treatments of all three experiments were

plotted with the above curve. A third plot of the significantly higher

consumption of virus killed larvae from Experiment 2, as previously

discussed, is given. The similarity of between experiment consump-

tions for pooling purposes was demonstrated by t-tests. Twenty-

eight larvae (15 Vs, 130's) provided the data for the healthy insect

consumption curve, 29 for the lower virus infected larval consump-

tion curve, and eight for the 24 hour virus challenge consumption

curve. The areas under the lower curves represent approximately

20 and 27% of the area of the upper curve. In obtaining these

percentages, the consumption prior to treatment has been ignored.
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Work on other phytophagous Lepidoptera (Crowell, 1941; Satter-

thwait, 1933) has demonstrated that less than 5% of all consumption

takes place prior to the last two instars of larval development.

Qualitative observations indicate that Peridroma is no exception.

Total consumption shown is for the sixth, fifth, and half of the fourth

instars. A curve for DDT consumption, based on the average

mentioned previously is included for comparative purposes.

If the areas under the curves are considered in terms of leaf

surfaces, the relative damage to a crop following the various treat-

ments can be visualized as well. Seven percent more surface would

be eaten by larvae receiving lethal doses of virus one day after

reaching the 40 to 60mg weight class, assuming field conditions are

favorable for the development of the infection. Rough tests not

directly related to the present work indicated that a delay of two or

three days resulted in the need for a very high virus dose in order

to produce mortality, and that consumption by these infected larvae

approached that of healthy larvae. Conversely, if larvae received

lethal doses an instar earlier, consumption dropped far below that

shown. Consumption by lethally infected first and second instar

larvae was too low to be accurately measured by the techniques used.
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Utilization Studies

The amount of each food consumption of Table 8 which was

actually digested, used for energy, or used for tissue production is

presented in Table 10. Correlations between amounts of food con-

sumed and amounts utilized were calculated and were found to be

. 95, . 99, and .97 for Experiments 1, 2, and 3, respectively. Again,

there is a strong indication that utilization differences are more

closely tied to consumption differences than to treatments. Multiple

range tests on the mean utilizations of the insects used for the con-

sumption range tests were performed and are presented in Table 11.

Except for a few very minor differences, the results are identical

to those for the consumption data.

Neither consumption nor utilization appear to be correlated

with the differences found in portions of the mortality data. Both

are of interest in practical and academic terms, and either could

serve as a measure of interaction in terms of total mortalities due

to the high correlations found, but neither would be of great value

for determining the exact nature of any interactions.

Healthy larvae were found to utilize only 24. 5% of all food

consumed (based on 589 larvae). Virus infected larvae utilized

29.4% (171 larvae) and DDT infected larvae, 72.8% (170 larvae).

These figures represent the approximate digestibility of Waldbauer



TABLE 10. TOTAL TREATMENT FOOD UTILIZATION IN
GRAMS OF MEDIA DRY WEIGHT.

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

Virus Dose (polyhedra/larvae)

0 975 9750

11.08 8.78 8.43

10. 34 8.56 8.10

8.02 4.58 5. 28

0

Exp. 1

975 9750

11.93 11. 24 10.52

8. 26 8. 09 5.92

5.51 3.99 2.16

0

Exp.

975 975 0

12.62 9. 09 8. 70

1 2. 72 7.75 6.25

9.63 6. 77 3.95

Exp. 3
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(1968) and are lower than most of the values for healthy insects

found by other researchers and reviewed in his work. This may be

a true characteristic for Peridroma, or may represent a response

to a meridic diet. None of the values given by Waldbauer (1968)

were based on artificial diet consumptions, but on natural plant

foods. Comparative tests would have to be made to determine the

relationship involved.



TABLE 11. COMPARISONS OF MEAN UTILIZATIONS OF HEALTHY AND
VIRUS INFECTED LARVAE WITH DUNCAN'S NEW
MULTIPLE RANGE TEST.

Treatment
Experiment 1

Healthy

Experiment 3Experiment
Obser-
vations

Mean
Utilization

Obser-
vations

Mean
Utilization

Obser-
vations

Mean
UtilizationVirus DDT

0 0 29 . 25 2a* 44 .271a 30 . 25 6ab

L 0 18 . 248a 43 . 25 9a 16 246ab
H 0 16 . 273a 37 . 266a 14 . 224b
0 L 28 . 245 a 32 . 256a 28 . 24 6ab

L L 17 . 254a 30 . 259a 15 . 24 7ab

H L 18 . 271a 22 . 255a 10 . 286a
0 H 21 . 25 2a 20 . 268a 27 . 251ab
L H 10 . 261a 15 . 254a 1 7 . 26 tab
H H 13 . 241a 8 . 240a 11 . 25 Oab

Virus Infected

0 0 0 0 0

L 0 11 . 209a 1 .133a 14 . 059a
H 0 14 . 05 6a 8 . 085ab 15 . 061a
0 L 0 0 0

L L 7 . 05 7a 4 .06 2bc 14 . 05 3a

H L 10 . 043a 7 . 03 2bc 19 . 039a
0 H 0 0 0

L H 9 .049a 5 . 0 27c 10 . 054a
H H 9 .046a 4 049bc 10 .036a

*Means followed by the same letter do not differ significantly at the 5% level.



66

Virus infection results in a small increase in utilization; DDT

results in a rather large increase. In DDT poisoning, this increase

may represent an increase in digestion of the gut contents for energy

production, as dry weight gain is slight or even negative in some

cases, but may be due to impairment of the normal excretory proces-

ses by DDT action. Because of the short time until death, data on

conversion of food to body tissue, or E. C. D. (efficiency of conver-

sion of digested food to body substance) values, could not be obtained

by the techniques used. With bidaily data on dry weight gain, dry

weight of food consumed, and dry weight of food utilized, E. C. D.

values were obtained for the insects dying from day zero virus treat-

ment and for the healthy insects used in the Figure 8 comparisons.

The relationships are indicated in Figure 9. For any given day, the

points indicate both the percent of food digested (left hand scale) and

the percent utilized as energy (100% - left scale). An assumption that

dry weights of infected larvae follow the same dry weight/wet weight

relationships of healthy insects (Figures 3 and 4) is made. Figure 9

shows that diseased larvae convert smaller percentages of digested

food to body tissue and thus utilize more as energy than do healthy

insects. This relationship becomes stronger as the infection pro-

gresses and may reflect the increasing metabolic rate involved in

viral replication, particularly during the later stages of the

infection when metabolism of the infected tissues has been
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Figure 9. Analysis of the Conversion of
Digested Food into Body Tissue
by Healthy and Virus Infected
Larvae.

diverted from its normal pathways into those required in the

virus replication process.

Polyhedral Production

The numbers of polyhedra produced from each treatment are

presented in Table 12. A number of treatment and level differences

proved significant but the most important relationship is the signifi-

cant decrease in polyhedral production with use of increasing

amounts of DDT in the combinations. When using such combina-

tions for control purposes, the desirable self-perpetuation



TABLE 1 2. POLYHEDRA (IN BILLIONS) PRODUCED
PER TREATMENT.

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

0. 0

0. 2

0. 3

Virus Dose (polyhedra/larvae)

0 975 975 0

0.0 22. 65 24. 67

O. 0 9. 5 6 17. 03

O. 0 10. 76 11.70

0

Exp. 1

975 9750

O. 0 3. 01 22. 95

0.0 5.57 4.40

0.0 1.77 2.82

Exp. 2

975 975 0

0.0 28.80 32.00

0.0 26. 80 20. 00

O. 0 16. 20 10. 60

Exp. 3
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characteristic of this type of virus will be affected. If continuous

control is desired, this must be a consideration. If only immediate

or short-term control is desired, this factor need cause no concern.
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SUMMARY AND CONCLUSIONS

Although the use of pathogen-insecticide combinations is not

a novel idea, no simple methods for predetermining their effective-

ness have been proposed. Such information could be obtained

through use of regression lines, as suggested by Finney (1964), but

such procedures require very exacting preliminary testing of individ-

ual doses and would require some modifications to include the effects

of the virus or other pathogen. The method used in this work has the

advantages of being fairly fast, and conservative of experimental

material. The specific tests carried out required careful considera-

tion of the expected fate of any given insect. For any other system,

characteristics of one or more members may necessitate changes

in the mortality probability model.

Results of my work with Peridroma, DDT, and nuclear poly-

hedrosis virus indicate that, in general, both DDT and virus act

independently of each other when combined. However, several

instances of an apparent synergism occurred in the tests, twice

involving stimulation of DDT by virus, and once involving the reverse.

One instance of an apparent antagonistic effect of DDT on the virus

at low doses of each was shown to be significant. In all of these

cases, rather low percentages of single dose effects were involved.

In practical field applications it is likely that these subtle situations,
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if repeatable, would be of little consequence in terms of total control

because of the masking effect of response by insects receiving higher

doses. One set of results which indicated a significant 20% increase

in response to DDT is of considerable interest. If higher doses of

DDT continued to give proportionate increases in mortality, a

definite synergistic response which would be useful in field control

work could be concluded.

Different sequences of challenge caused no apparent differences

in the independence of virus and DDT if only overall mortality is

considered. The most significant increase in DDT response was

seen in the simultaneous application experiments. Prestressing the

insects with virus resulted in higher than expected DDT mortality

in only one of the four combined treatments and a slight depression

of virus kill at another. Prestressing with DDT produced higher

than expected virus kill at low virus doses, but not at high doses.

No apparent pattern was evident in most of these cases. In several,

a third point or combination would clarify the apparent trends. If

enough material were available, a 4 x 4 experiment would be

preferable to the 3 x 3 presented.

On the basis of the mortality data available, I believe that

field applications of DDT and virus can be made without concern

about antagonism occurring. DDT rates can be manipulated as

desired to give high or low control. Whatever the level chosen,
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virus dosages sufficient to bring up total control to the desired level

should be included. Some field tests for determining dose-response

levels would have to be made, particularly for the virus, as no

previous field work with this pathogen has been reported. The

advantages of such combinations have already been listed in the

introduction of this paper.

Total mortalities in the treatment groups did not differ essen-

tially from ten day mortalities attributable to DDT and virus. Post

ten day deaths attributable to causes other than DDT or the virus

were not restricted to any particular treatment. In addition, both

sexes appeared equally sensitive to all treatments.

Total food consumption by the 45 insects receiving each treat-

ment was highly correlated with the numbers surviving the treat -

ments. The treatments themselves did not appear to stimulate or

reduce group consumptions. In practical terms, total kill determines

damage or consumption levels when treatments are applied as in these

tests.

Total consumption and utilization by insects of any specific

fate were, with few exceptions, similar, regardless of the treat-

ments applied. Insects of different fates, however, had very differ-

ent consumptions. Healthy insects had an average food consumption

over six times greater than virus killed larvae and over 100 times

greater than DDT killed larvae.
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Total group utilization of food was highly correlated with group

consumption and similarly showed no apparent differences due to the

treatments themselves. Food utilization by virus killed insects was

found to be slightly higher than by healthy insects, indicating a

greater efficiency in digestion of consumed food by diseased larvae.

DDT killed larvae utilized nearly three times as much of the food

consumed as did healthy insects. Whether this was due to an actual

increase in digestion or to inadequacies of the method used for meas-

uring consumption by DDT killed larvae is questionable. Conversion

of digested food to body tissue, however, was higher in healthy lar -

vae than in virus infected larvae.

Polyhedral production in the virus treated groups was signifi-

cantly reduced by addition of DDT and dropped with increasing DDT

doses, due mainly to lower numbers of virus deaths. The value of

rapid kill by DDT as compared to the value of a self-perpetuating

virus should be a consideration in making decisions on the use

of such combinations.
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