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ABSTRACT 

The chemical spray adjuvants affected the potency of various 

insecticides when applied to different insect species. Adjuvants were 

incorporated at 1 and 10% levels with representative pyrethroids, 

carbamates and organophosphates. House flies, Musca domestica (L.)> 

pink bollworms, Pectinophora gossypiella (Saunders), tobacco budworm 

larvae, Heliothis virescens (Fabr.)> and boll weevils, Anthonomus 

grandis grandis (Boheman) were treated topically, whereas house cricket 

nymphs, Gryllodes supplicans (Walker), and dry wood termite pseuder-

gates, Pterotermes occidentis (Walker) were subject to contact exposures. 

Toxicities of most insecticides tested were increased by use of 

adjuvants on house flies, pink bollworms, house crickets and dry wood 

termites. The addition of adjuvants did not enhance the toxicity of 

cypermethrin to boll weevils. The adjuvants proved to have antagonistic 

effects on permethrin and cypermethrin when tested on tobacco budworms. 

The results indicate the possible importance of these chemical 

adjuvants. The increase in insecticidal activity of many compounds 

obtained on the addition of adjuvants enable the use of much lower 

dosages of insecticides to achieve the same degree of control. 

ix 



LITERATURE REVIEW 

Mode of Action of Insecticides 

Precise knowledge of the mode of action of insecticides and the 

differential toxicity they exhibit, would provide a logical explanation 

of their toxic action and their subsequent side effects in beneficial 

organisms, and also provide a logical basis for developing more useful 

compounds (Matsumura, 1980). According to Magee (1982, T.) it is safe to 

state that no pesticide mode of action is known in complete detail and 

some speculation is often necessary to obtain a coherent picture. A 

multitude of factors are involved in producing symptoms and toxicity, 

including penetration, transport, intrinsic toxicity and elimination 

(Miller and Adams, 1982). Thus, although the majority of modern insec

ticides owe their toxicity to their ability to attack the nervous 

system as the primary target, the action of any insecticide is multiple 

and to trace its effect to a primary target is not always possible 

(Matsumura, 1980). 

Pyrethroids 

Pyrethroids are well-known for their induction of temporary 

paralysis. The term "knockdown" was coined to describe the rapid, nor

mally reversible paralysis caused by the application of low doses of 

pyrethroids to flies (Sawicki, 1962). Recent findings on mode of 

action of pyrethroids revealed that they have effects on specialized 

1 



2 

membranes at nerve endings (Adams and Miller, 1979; Salgado et al., 

1983), sense organs (Osborne and Kart, 1979), and neurosecretory cells 

(Orchard and Osborne, 1979). Salgado et al. (1983) determined that 

pyrethroids cause spontaneous membrane potential depolarizations, in

creased neurotransmitter release and neuro-muscular block. 

An interesting outcome of studies made by Barnes and Verschoyle 

(1974) and Ray and Cremer (1979) was that pyrethroids containing the 

a-cyano-3 phenoxybenzyl ester, cause poisoning symptoms which can be 

distinguished from those produced by other synthetic pyrethroids. From 

these studies it emerged that pyrethroids producing central symptoms 

without exception possess the a-cyano group (Miller and Adams, 1982). 

Gammon (1980) also reported a real difference in the mode of action of 

permethrin (3-(phenoxyphenyl) methyl (+)-cis, trans-3-(2,2-dichloro-

ethenyl)-2,2-dimethyl cyclopropane carboxylate) and cypermethrin (cyano-

3-phenoxybenzyl {+) cis, trans,-3(2,2-dichloro vinyl)-2,2-dimethyl 

cyclopropane carboxylate). 

Organophosphates and Carbamates 

There is abundant evidence that both the organophosphate and 

carbamate insecticides produce their acute toxic actions by inhibiting 

acetylcholinesterases (ACHE), and as a consequence of ACHE inhibition, 

there is an accumulation of acetylcholine at the effector sites (Murphy, 

1975; Matsumura, 1980; P. Magee, and T. Magee, 1982). These anticholin

esterases constitute a major portion of the modern synthetic insecti

cides . 



3 

Murphy (1975) believed that in addition to the fact that many of 

these compounds are potent inhibitors ill vitro, several lines of in. vivo 

evidence support this mechanism. Suksayretrup and Plapp (1977) demon

strated that flies undergo the typical range of symptoms due to ACHE 

inhibition in vivo when poisoned with methamidophos (0,S-dimethyl 

phosphoramidothioate) and methyl parathion (0,0-dimethyl-0-p-nitrophenyl 

phosphorothioate). Casida (1963) proposed that the insecticidal activ

ity of a carbamate should be related to its ill vitro ACHE activity ex

cept when in vivo contact of the enzyme and inhibitor is prevented by 

penetration barriers, areas of high localization, or rapid detoxication. 

Resistance to Insecticides 

Insects display resistance to every class of insecticide em

ployed and insecticide resistance is one of the most challenging prob

lems facing entomologists. It is alarming to note that the number of 

arthropod species reported to be resistant has nearly doubled during 

the last decade, rising from 224 species in 1970 to 428 in 1980 

(Georghiou and Mellon, 1983). Pimental et al. (1980) reported that 

the annual cost of the increased usage of pestidices due to resistance 

was estimated at 133 million $ (U.S.). 

According to Sawicki and Lord (1970) , handling this problem 

would require an understanding of the basis of differential toxicity, 

development of effective synergists and knowledge of mechanisms of 

resistance. Many insect species have a complexity of mechanisms 

responsible for resistance that may vary from species to species and 

between strains (Dauterman, 1983) . It is generally accepted that the 
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development of resistance to insecticides in insects may be influenced 

by such factors as decrease in penetration, increased detoxication or 

decreased sensitivity at the site of action (Farnham, 1971; Briggs et 

al., 1976; DeVries and Georghiou, 1981; Bull, 1981). Inmost instances, 

it has been impossible to separate the effect of the various mechanisms 

and their components and relate them individually to the total end 

product, resistance. Joint action of resistance factors has been 

reported by many workers: the phosphorotriester hydrolases and 

glutathion S-transferases responsible for organophosphorus insecticide 

resistance in certain species of insects detoxify the insecticide and 

often function along with other resistance mechanisms such as mixed-

function oxidases, altered cholinesterases and penetration; the impor

tance of each mechanism depends on the structure of the insecticide 

and the stage of development of the insect (Dauterman, 1983). Plapp 

and Hoyer (1968) and Sawicki (1970) also demonstrated joint action of 

resistance factors in the house flyr Musca domestica (L.), where 

reduced penetration of insecticides through the cuticle and increased 

degradation of insecticides are causes of resistance. In a comprehen

sive review by Bull (1981) , it was revealed that many workers attribute 

resistance in the tobacco budworm, Heliothis virescens (Fabr.) , to the 

combined action of three factors: decrease in penetration, increased 

r 

detoxication, and decreased sensitivity at the site of action. 

Metabolic Resistance 

The most studied aspect of resistance mechanisms is the metabolic 

one, since, in the overall biochemical defense system for developing 
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resistance in insects, metabolic factors generally do play the most sig

nificant role (Brown and Pal, 1971; Welling, 1979). Plapp and Wang 

(1983) stated that metabolic resistance to insecticides is most impor

tant with biodegradable insecticides such as organophosphates and 

carbamates, and probably with synthetic pyrethroids. Detoxication 

mechanisms involved include aliesterases or carboxylesterases, mixed-

function oxidases and GSH transferases (Plapp and Wang, 1983). Evidence 

has accumulated that the carbamates appear to be metabolized almost ex

clusively by mixed function oxidation (Eldefrawi et al., 1960; 

Wilkinson, 1971) , typically resulting in the rapid detoxication of the 

insecticide. The results obtained with the organophosphates are more 

complex and difficult to predict (Wilkinson, 1971). 

Non-Metabolic Resistance 

The non-metabolic mechanisms of resistance may not always be 

significant by themselves, but when combined with metabolic processes 

could cause high levels of resistance (Matsumura, 1983). Reduction in 

sensitivity of the target site and reduced penetration are non-metabolic 

factors which could lead to the development of resistance. 

a. Target Insensitivity 

Resistance caused by reduction in the amount of the toxicant 

reaching the vulnerable site, reducing the sensitivity of the "target" 

towards the toxic principle is referred to as target insensitivity 

(Matsumura, 1983). In fact, the term "site insensitivity" was coined 

to explain the knockdown resistance (kdr) factor which renders the 
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nervous system less sensitive to DDT (dichloro diphenyl trichloroethane) 

and pyrethroids (Wilkinson, 1983; Farnham, 1977). According to 

Matsumura (1983) , organophosphates and carbamates may cause the develop

ment of target insensitivity due to modifications of ACHE, the target 

enzyme of these insecticides. 

Matsumura (1983) also mentioned that decreased penetration and 

decreased binding at the target itself are only two of many possible 

ways for the development of target insensitivity. He further emphas

ized the importance and efficiency of this mechanism of resistance, 

since it can protect the sensory system long enough for the poison to 

be eliminated through metabolism, excretion or storage in nonvital 

tissues. 

b. Reduced Penetration 

The idea that reduced penetration of insecticides through the 

cuticle of insects may be a cause of resistance is not new. Sanchez 

and Sherman (1966), Vinson and Brazzel (1966), Pate and Vinson (1968) 

and Vinson and Law (1971) attributed resistance to DDT in a strain of 

tobacco budworm partly to decreased penetration. Szeicz et al. 

(1973) found that rates of penetration of carbaryl (1-naphyl N-

methylcarbamate), malathion (0,0-dimethyl S-(1,2-dicarbethoxyethyl) phos-

phorodithioate), endrin (hexachloroepoxyoctahydro-endo, endodimethanonoph-

thalene) and DDT were more rapid and reached higher concentrations in 

internal tissues of tobacco budworm larvae of the susceptible-strain. 

Working with house flies, Patil et al. (1979) determined that the 
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absorption of DDT, dieldrin (hexachloroepoxy-octahydro-endo, exo-

dimethanonophthalene), diazinon (0,0-diethyl 0-(2-isopropyl-4-methyl-

6-pyrimidinyl) phosphorothioate), parathion (0,0-diethyl 0-p-nitro-

phenyl phosphorothioate) and carbaryl in resistant strains were slower 

than in susceptible strains. In the German cockroach, Blattella 

germanica (L.), the integument hindered the penetration of malathion, 

malaoxon and a few analoges of dimethoate, but not the penetration of 

isomalathion, dimethoate (0,0-dimethyl S-(N-methylcarbamoyl-methyl) 

phosphorodithioate) and most of the analoges of dimethoate. 

Plapp and Hoyer (1968) and Forgash et al. (1962) studied the 

decreased penetration of dieldrin and DDT in a strain of house fly, 

and named the gene organotin-R with the symbol of "tin". Apparently, 

this gene introduces a penetration barrier to many chemicals, and 

although the precise mechanisms by which it reduces penetration are 

not known, the system is more effective when the chemical is given in 

the form of residues (contact method) than by employing topical appli

cation techniques (Plapp and Hoyer, 1968) . 

Farnham (1973) isolated a penetration factor on chromosome III 

of house flies showing decreased penetration of pyrethrin I. He con

sidered "pen" to be an intensifier and not a resistance factor per se, 

since "pen" alone did not provide significant resistance to the lethal 

effects of pyrethroids but served to enhance resistance from other 

mechanisms. This suggestion is in agreement with that proposed by 

Plapp and Hoyer (1968) with regards to the "tin" gene. 
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It was also elucidated that when a reduced penetration factor 

was genetically combined with other resistance factors, the degree of 

resistance increased much beyond the level expected by a simple addi

tive effect (Plapp and Hoyer, 1968; Georghiou and Taylor, 1976). This 

tendency was particularly pronounced with metabolic resistance factors 

(Georghiou and Taylor, 1976). This is understandable since the reduc

tion in the rate of cuticular penetration should give the metabolic 

system the opportunity to degrade the insecticides to innocuous mater

ials (Matsumura, 1983). 

Whitten and Bull (1978) concluded that the rate of insecti

cide absorption from cuticular surface was not a major resistance 

factor but that differences in metabolism were probably related to 

resistance. Yet, there is a general agreement that decreased penetra

tion, particularly when coupled with other resistance factors can be 

an important factor in resistance (Georghiou and Taylor, 1976). How

ever, the lack of specificity of resistance conferred by this method, 

the mechanism of reduction of penetration and effectiveness of such a 

defense mechanism to stable insecticides, are questions which remain 

unanswered (Matsumura, 1983). Because the factor for delayed pene

tration is selected for and increases resistance to many unrelated 

insecticides, and is thus nonspecific, it is potentially very dangerous 

and warrants much more study (Sawicki and Lord, 1970). 

The existence of a penetration barrier at the target level 

(i.e., the nervous system) in the resistant insects has been established 

in the case of dieldrin-resistant German cockroaches (Matsumura, 1983) . 



9 

Since the kinetics of penetration into the nervous system are differ

ent from those of cuticular penetration, the former mechanism appears 

to be more important as a determinant of resistance with stable insec

ticides such as dieldrin, and the latter would be more significant in 

resistance to readily metabolized insecticides such as malathion 

(Matsumura, 1983). 

Insect Cuticle 

A relationship between the insect cuticle and plant tissue 

was established for the first time in 1823, and a controversy on the 

differences between cellulose and chitin began soon after and has 

continued for more than a century (Muzzarelli, 1978). Within the 

complexities of the cuticle and its associated epithelium undoubtedly 

lie the solutions to many problems (Noble-Nesbitt, 1970). Hence, it 

is not surprising that the cuticle provides a focal point of common 

interest for both the insect physiologist and the applied entomologist 

(Ebeling, 1964). 

Structure 

The multilaminate, intermoult cuticle typically consists of 

three main layers, the inner endocuticle, the outer exocuticle, and 

the superficial epicuticle and, together with the underlying epithe

lium, forms one of the main barriers to movement of water, ions and 

other substances (Noble-Nesbitt, 1970). In addition to investing 

the whole body surface, the cuticle also lines inward diverticula 

such as the fore- and hind-guts, and the tracheal system. 
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Transport Across the Cuticle 

Transport concerns the movement of a bioactive compound from 

the point of application to the region containing the target site. 

The integument is a complex structure containing both hydrophylic and 

hydrophobic components all of which influence the penetration of com

pounds (Lovell, 1963). Despite the variety of barriers and special 

situations in agriculture, a majority of transport and penetration 

processes are passive, most toxicants crossing biological membranes 

by simple diffusion. The lipid/water partition coefficient of the com

pound largely determines the rate of penetration, although when phos

pholipid membranes are involved steric forces may also play a role 

(Klaassen, 1975; P. Magee, 1982). P. Magee (1982) considers that 

this is true in various movements through soil, and plant as well as in

sect tissue, and proposes that although this is an enormous simplifica

tion of the complex sequence of events in the transport process, it 

correlates well with the partitioning of insecticide between octanol 

and water. 

Aqueous affinity as well as general polarity distribution is 

important in determining the efficacy of a toxicant. Klaassen (1975) 

mentioned that many chemicals of interest in toxicology exist in 

solution in both ionized and nonionized forms, the ionized form often 

being unable to penetrate the cell membrane because of its low lipid 

solubility, whereas, the nonionized form may be lipid-soluble and 

determines the diffusion of the compound across cell membranes. Hence, 

the lipid layer of the epicuticle seems to be the main barrier to 

penetration of water and aqueous solutions and suspensions, but offers 
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little resistance to the penetration of apolar substances (Noble-

Nesbitt, 1970). He further stated that since effective contact with 

cuticular surface is important in initiating penetration, the nature 

of the epicuticle enhances the penetration of lipids rather than 

aqueous solutions. Also, the use of surfactants could enhance the 

penetrability of certain toxicants (Noble-Nesbitt, 1970). 

Briggs et al. (1974) determined that physical properties, in 

particular polarity, were important in determining the speed of knock

down. More polar pyrethroids tended to be better knockdown agents, 

while relatively nonpolar analogues acted more slowly and tended to 

be more potent killing agents (Miller and Adams, 1982) . Clements and 

May (1977), using structural analogues of pyrethroids, concluded that 

structural rather than physical characteristics were more important 

in determining the speed of knockdown. Since different pyrethroids 

were used on different insects these results may not be contradictory 

(Miller and Adams, 1982). Investigating knockdown and kill produced 

by aldicarb(2-methyl-2-(methylthio) propionaldehyde 0-(methylcarbamoyl) 

oxime) and analogues, Weiden (1968) postulated that an optimum parti

tioning ratio is required, having sufficient lipophilicity to afford 

good penetration by the cuticle and enough hydrophilicity to minimize 

microsomal oxidation. On the other hand, Briggs et al. (1976) found 

no correlation between partition coefficients and penetration of 

pyrethroids from outside to the receptor sites of the insect and con

cluded that the receptor site is more important. 
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Resistance in insects has also been related to the polarity of 

the insecticide molecule by Olson and O'Brien (1963) and Briggs et al. 

(1976). The role of lipids in insecticide resistance was reported 

by Moore and Taft (1969). According to Vinson and Law (1971) greater 

lipid content and protein/chitin ratios present in the resistant 

strains of tobacco budworm larvae were associated with lower cuticular 

penetration exhibited by these strains and this in turn led to the 

prevalence of resistance. 

According to Fraenkel and Rudall (1940), the manifestation of 

sclerotization in the cuticle causes it to become more lipophilic. 

Noble-Nesbitt (1970) postulated that insects are more vulnerable to 

toxicants when applied to thinner, less sclerotized regions of the 

integument rather than to thicker more sclerotized parts. 

Fisher (1952) , Lewis (1965), and Gerolt (1970) considered that 

speed of action is determined by the distance between loci of applica

tion and the site of action, and believed that sclerotization is of 

little importance. This view places the permeability of the integu

ment to be of little consequence and contradicts the classical "direct 

penetration to the haemolymph" route. The alternative route postu

lated by Gerolt (1969, 1970) for contact insecticides follows a 

lateral path through the integument (partial penetration through the 

integument), and entry into ganglia via the integument of the tracheal 

system which is contiguous with the body wall. He found this to be 

especially true when high doses of insecticides were introduced into 

spiracles of the locust Schistocerca gregaria (Forskol). 
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The activity obtained was much higher than when the insecti

cides were topically applied. Gerolt (1970, 1972, 1975) postulated 

that this mode of entry covers a wide range of lipophilicity and 

supported it with his work on dieldrin and dichlorvos (2,2-dichloro-

vinyl dimethyl phosphate) on locusts and houseflies, and on oxime 

carbamates such as methomyl(S-methyl-N-((methyl-carbamoyl)oxy)-

thioacetimidate) and its analogues on houseflies. As a result of his 

work on the permeability of the housefly to methomyl and its analogues, 

Gerolt (1975) concluded that differences in metabolic detoxication rate 

is the major factor determining toxicity, although differences in 

lateral migration rate may be partly responsible for toxicity differ

ences . 

Clearly there is a controversy on the mode of entry of contact 

insecticides. P. Magee (1982) believes that there seems likely to be 

more than one way for contact insecticides to enter an insect. 

Increasing Toxicity of Insecticides 

Structural Modifications 

Although the idea is attractive, limited success has been 

attained with attempts to suppress metabolic resistance by structural 

modifications of insecticides, including modifications of DDT, car

bamate and organophosphorus insecticides (Fukuto and Mallipudi, 1983) . 

This is attributed to the fact that structural modifications often 

result in compounds having lower insecticidal toxicity. 
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Synergists 

The toxicity of certain insecticides, notably pyrethrum, can 

be enormously increased by the addition of compounds which need not 

be insecticidal at all (Matsumura, 1980). These compounds are called 

synergists. According to O'Brien (1967), the phenomenon where the 

toxicity of two compounds together is greater than that expected from 

the sum of their effects when applied separately is referred to as 

synergism. Precisely, such an effect produced by using two or more 

toxicants is referred to as potentiation, while that produced by using 

an insecticide and a non-toxic substance is referred to as synergism. 

The majority of synergists in use today contain the methylene-

dioxyphenyl group as the active moiety (Matsumura, 1980) and these 

compounds are considered to inhibit the activity of oxidases and/or 

hydrolases by competitive or irreversible binding (T. Magee, 1982). 

Wilkinson (1976) reported that sesamin and sesomolin which are active 

principals of sesame oil have been utilized to synergize pyrethrin. 

Of the synthetic synergists, piperonyl butoxide is one of the most 

widely used pyrethroid synergists, whereas, sesamex being a broad-

spectrum synergist is known for its action with pyrethroid, carbamate, 

organophosphate and organochlorine insecticides (Fukuto et al., 1962; 

Matsumura, 1980). Gerolt (1972) found that piperonyl butoxide was 

effective in increasing the susceptibility of resistant houseflies to 

carbamates, but Weiden (1971) working in the oxime area observed that 

aldicarb and methomyl were neither synergized nor antagonized by 

piperonyl butoxide. 
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The use of synergized insecticidal formulations has frequently 

been advocated as a possible means of counteracting insecticide 

resistance (Wilkinson, 1971, 1976). Possibly due to the fact that meta

bolism occurs almost exclusively via mixed-function oxidation 

(Wilkinson, 1983), development of carbamate resistance could be 

counteracted to a very great extent if insects are selected with 

carbamate-synergist combinations (Gerolt, 1972). In the event that 

insecticides can be metabolized by several alternative routes, selec

tion with a combination of insecticide and synergist blocking one 

metabolic pathway only selects for resistance by another and thus 

serve to only temporarily offset resistance and may ultimately lead 

to much more serious problems (Wilkinson, 1983). 

In agricultural situations, two groups of pesticides, herbi

cides and insecticides, have a very good chance of acting together 

(Chio and Sanborn, 1977). Potentiating interactions in plants are 

most commonly due to the inhibition of herbicide degradation in the 

presence of insecticides (Swanson and Swanson, 1968; Chang et al., 

1971a). Chang et al. (1971b) attributed similar effects in insects 

as being due to the inhibition of metabolism of the insecticide in 

the presence of herbicide, while Lichtenstein et al. (1973) believed 

that the herbicide enhances the toxicity of the insecticide by in

creasing its penetration through the insect cuticle. Chio and Sanborn 

(1977) working on the house cricket, Acheta domesticus (L.), with 

carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarbamate), 

determined that compounds capable of blocking the microsomal electron 
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flow are capable of potentiating the toxicity of carbofuran. 

Lichtenstein et al. (1979) studied the effects of the herbicide 

atrazine (2-chloro-4-ethylamino-6-isopropylamino-l,3,5-triazine) on 

14 
the toxicity, penetration and metabolism of C-carbofuran in the 

housefly. They attributed the increase in toxicity of carbofuran 

when coupled with atrazine, to the increased stability of carbofuran, 

both outside (inhibition of penetration of carbofuran, stabilizing it 

on the cuticle), and inside the insect body (inhibition of metabolic 

detoxication of the insecticide into less insecticidal compounds), 

making the biological activity of the insecticide available over 

longer periods of time. 

Plasticizers such as polychlorinated biphenyls are widely 

distributed in the global ecosystem (Risebrough et al., 1968). 

Lichtenstein et al. (1969) mentioned that since these plasticizers 

are present in the environment, their potential effects on biological 

systems, in combination with other synthetic chemicals should be in

vestigated. Hornstein and Sullivan (1953) described the role played 

by chlorinated polyphenols in prolonging the residual effectiveness 

of volatile insecticides such as lindane (y-l,2,3,4,5,6-hexachloro-

cyclohexane) by preparing concentrated solutions in chlorinated poly

phenol film-forming materials. They proposed that the suitability of 

these carrier materials depend on the following: were good solvents; 

lowering vapour pressure and hence prevented crystalization of lindane; 

inert; resistant to oxidation; non-flammable; minimized fungal growth; 

and provided a surface from which insects could take up the 



insecticides more readily. Lichtenstein et al. {1969) tested eleven 

plasticizers for their toxicological interactions with dieldrin and 

DDT and found that sublethal doses of the polychlorinated biphenyl 

compounds increased the toxicity of dieldrin and DDT. 

Summary and Statement of Problem 

Undoubtedly pesticides play an integral and indispensable 

role in modern pest control programs. As mentioned by Ware {1982), 

it is unfortunate that the exploration and discovery of new insecti

cides have not kept pace with the loss of once-effective insecticides 

due to resistance, cancellation for reasons of human and environmental 

safety, and rising registration costs. Hence, concern is growing 

among applied entomologists regarding these issues. Any strategy 

which would aid in alleviating or delaying the onset of resistance to 

insecticides or increase the toxicity of insecticides, and at the 

same time remain ecologically compatible would be most welcome. 
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A number of experimental foliar spray adjuvants were found to en

hance the efficacy of defoliants when used on cotton {Carasso, University 

of Arizona, personal communication). The effectiveness of these adjuvants 

was attributed to a probable increase in penetration across the cell 

wall "barriers" in plants. Since the insect cuticle presents some-

what similar problems with regard to penetration of biological agents, 

it was believed that these adjuvants may have beneficial effects on 

the performance of insecticides. 

In order to test that hypothesis, five chemical adjuvants 

were selected for preliminary investigations on insects. The 
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objective of the study was to test the spectrum of activity of the 

adjuvants in terms of classes of insecticides and different insect 

species. The adjuvants were used in combination with three major 

classes of insecticides: pyrethroids, organsphosphates, and carbamates. 

Evaluations were performed on three insects of importance in urban 

entomology; house flies, house crickets, Gryllodes supplicans (Walker), 

and dry wood termites, Pterotermes occidentis (Walker); and on three 

major pests of cotton: pink bollworm, Pectinophora gossypiella 

(Saunders), tobacco budworm, and the boll weevil, Anthonomus grandis 

grandis (Boheman). 



MATERIALS AND METHODS 

Chemical Adjuvants 

Five chemical adjuvants were employed in these investigations: 

UA 101, UA 102, UA 103, UA 104, and UA 105. They were supplied by F. 

Carasso (Research Assistant, Department of Plant Sciences, University 

of Arizona, Tucson, AZ 85721) who retained their chemical identity. 

All adjuvants were tested in studies with house flies, while 

only UA 101, UA 103, and UA 105 were used with all other insects. These 

adjuvants were incorporated into the solvents containing the pesticides 

at 1 and 10%. Hence, mortalities were compared between treatments ad

ministering individual pesticides alone and in combination with 

adjuvants. To test for possible toxicity of adjuvants, mortalities 

were determined by treating each insect with 1 pi of the individual 

adjuvant/solvent combination (topical applications) or, by exposing 

insects to treated filter papers (contact applications). The adjuvants 

were incorporated into the solvents at 1 and 10%. 

Insecticides 

Insecticides employed were technical grades of permethrin 

ffi) 
(Pounce , FMC Corporation, New York, 14105; 97.9%), cypermethrin 

(Cymbush , ICI Inc., Goldsboro, North Carolina, 27530; 76.5%), methyl 

parathion (Monsanto Agricultural Products Company, St. Louis, Missouri, 

63116; 99.9%), methomyl (Lannate^, E.I. DuPont De Nemours and Company, 

Inc., Wilmington, Delaware, 19898; 98.7%), and thiodicarb (S,S'-

19 
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dimethyl-N,N"-(thiobis(methylimino) carboxyloxy) bisethanimidothioate; 

Larviir', Union Carbide Agricultural Products Company, Inc., Jacksonville, 

Florida, 32216; 99.9%). 

Cypermethrin and methyl parathion were dissolved in two sol-

vents, redistilled acetone and cottonseed oil (Refined Cottonseed Oil , 

S. Helffrich and Associates, Phoenix, Arizona, 85013) for use in studies 

on house flies only. Methomyl and thiodicarb were immissible with 

cottonseed oil therefore, these were prepared in acetone only. The 

appropriate solvent(s) was used as the control in every phase of the 

study. 

All pesticides were maintained in a refrigerator at 5°C. Fresh 

preparations were made at monthly intervals. 

Bioassays on Selected Insects 

House Flies 

A laboratory strain of house fly having no history of insecti

cide exposure was obtained from a culture reared in the Department of 

Entomology, University of Arizona. Four-day-old adult house flies 

(females) weighing 20jvL mg were lightly anesthetized with carbon diox

ide. House flies were treated on the dorsal thorax with 1 pi of the 

test solution (0.004 yg/ul cypermethrin; 0.026 pg/yl methyl parathion; 

0.05 pg/pl methomyl; 4.0 pg/yl thiodicarb) using a motor-driven micro-

applicator. The solvent was allowed to dry for about 10 seconds 

before placing the flies in bioassay cups. Paper ice cream containers 

(32 WNI Lily^ Nestrite^) with lids in which the cardboard had been 

removed and replaced with wire-mesh were used as the bioassay cups. 
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Glass vials (Pyrex 10 X 75 mm) were plugged with 30 mm lengths of 

<S 
cotton (Johnson and Johnson , 65 mm) at one end, filled with 10% 

sucrose solution and inverted through the covers to serve as a food 

source for treated flies. 

All treatments were replicated 4-8 times with 20 adult flies 

per replicate. Treated flies were held in the laboratory at 22-25°C 

for mortality observations at 24 hours for cypermethrin-acetone 

combinations, and at 24 and 48 hours in all other instances. Flies 

were considered to be dead when they showed no flight activity on shak

ing the bioassay cups. 

Pink Bollworms 

Pink bollworm pupae were obtained from the USDA Western Cotton 

Research Center, Phoenix, Arizona. These populations had been reared 

in the laboratory on an artificial wheat germ diet and had not been ex

posed to insecticidal pressure. Two-day-old moths (unsexed) weighing an 

average of 8.4 mg were utilized in the study. Activity of moths was 

slowed by subjecting them to refrigeration at 5°C for 15-20 minutes. 

The inactivated moths were then placed on a metal tray (lined with 

tissue) which was maintained in an "ice-bath" (larger tray containing a 

frozen sheet of ice) prior to administration of treatments. One pi of 

0.004 yg/yl cypermethrin and 0.05 yg/yl methomyl treatments were applied 

topically on the dorsal thorax using the motor-driven microapplicator. 

Moths were held on a cardboard surface during the application procedure 

to prevent injury from handling with forceps. 
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Treated moths were placed in paper ice cream containers (16 SN3 

Lily^ Nestrite^) with wax-coating on the inside. The plastic surfaces 

on the lids were replaced with wire-mesh and provisions made for feeding 

the moths a 10% sucrose solution as previously described. All treat

ments were replicated 4 times with 20 moths per replicate and held in 

the laboratory. Mortality was recorded at 24- 48~ and 72-hour intervals. 

Lack of flight activity on shaking the bioassay chambers indicated that 

the moths were dead. 

Tobacco Budworms 

Tobacco budworm larvae were progeny of a parent culture estab

lished in the Department of Entomology Cotton Insects Laboratory, Tucson 

in the Fall of 1980. These cultures had been reared free of insecti

cides on a modified lima-bean diet (Patana, 1969). 

Third instar larvae weighing 20+3 mg were used in all bioassays 

(Mullins and Pieters, 1982). Larvae were transferred individually to 

19.6 ml media cups, two-thirds filled with lima-bean diet. Each larva 

was dosed on the dorsal thorax with 1 yl of the solution (0.01 yg/yl 

permethrin; 0.008 ug/yl cypermethrin) using the motor-driven micro-

applicator without removing the larva from its diet cup. 

Individual treatments comprised 3 replicates with 20 larvae per 

replicate. Treated larvae were held in the diet cups (in open laboratory 

conditions) until the termination of the test. Mortality readings were 

taken at 24, 48, and 72 hours, and larvae were pronounced as alive, 

moribund or dead. Larvae were considered dead when they showed no 
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movement when gently touched with a blunt probe. Moribund larvae were 

included in the mortality counts for analysis. 

Boll Weevils 

Cotton bolls infested with late instar larvae, pupae, and 

adult boll weevils were obtained from fields near Roll, Arizona and 

returned to the laboratory in the fall of 1983. These bolls were 

first held in a green house to dry and then examined for pupae and 

adults. Pupae and adults were collected from the bolls and then main-

o 
tained in environators at temperatures of 30 and 11 C, respectively. 

The adults were fed with cottonseed boll weevil-diet pellets. 

Seven to 10-day-old adult weevils (unsexed), weighing an av

erage of 18.2 mg, were topically treated on the dorsal thorax with 

0.08 pg/pl cypermethrin solutions using the motor-driven microapplicator. 

Four replicates of 10 adults per replicate were used with each treatment. 

rBv 
Treated weevils were retained in glass petri dishes (Pyrex , 100 x 15 mm) 

(§ 
lined with filter paper (Whatman , No. 1, 90 mm) and maintained in the 

laboratory. Mortality observations were made at 24, 48, 72, and 96 

hours. Weevils were considered dead when they showed no movement when 

gently touched with a blunt probe. 

House Crickets 

House crickets were obtained from a culture maintained by 

the Department of Entomology, University of Arizona. Late first instar 

nymphs weighing an average of 0.66 mg were used in this study. The 

bioassay chambers consisted of glass petri dishes (100 x 15 mm) lined 
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with filter paper (90 mm). Five layers of paper towels (75 X 125 

mm strip-folded) were affixed onto the inner surface of the covers. 

These paper towels were moistened daily in order to maintain a 

suitable relative humidity within the chambers. Treatments involved 

the application of 1.5 ml of individual solutions (0.004 yg/yl and 

0.005 pg/yl of permethrin, and 0.001 yg/yl and 0.004 yg/yl of cyper-

methrin) onto the filter paper lining the petridishes. Slight 

tilting of the dish and slow rotating movements ensured uniform 

coverage of solutions on the paper giving a thin film-like layer. 

The treated dishes were air-dried for 15 minutes. 

Activity of first instar nymphs was slowed by exposing them 

to a temperature of 5°C for 10 minutes. The nymphs were subsequently 

transferred to treated dishes using an aspirator. Treatments were 

replicated 4-12 times, 15 nymphs per replicate, and held in the 

laboratory. Mortality was determined at 24, 48, and 72 hour inter

vals. Immobility and dehydration were features associated with 

death of nymphs. A behavioral feature observed during this study 

was that the dead crickets were at times consumed by the survivors. 

In view of this phenomenon, the missing members were included in 

determining mortality. 

Dry Wood Termites 

Termite pseudergates (mid-developmental stages, probably 5-8th 

instar) were obtained from a population of individuals collected in 

summer of 1983 from Saguaro, Carnegiea gigantea (Engelm.), in Tucson 
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Arizona. Attempts were made to select a morphologically homogenous 

group consisting of mostly 6th and 7th instars and averaging 32+1 mg 

in weight. 

These pseudergates were subjected to treatments (using 0.05 

yg/yl methomyl), similar to that outlined previously for crickets. 

Since limited numbers were available, only duplicates with 10 termites 

per treatment were used. These were held in the laboratory and mortality 

determined at 24, 48, 72, and 96 hour intervals. Appearance of dehydra

tion and lack of movement when touched with a blunt probe indicated death. 

Statistical Analysis 

Mortality figures obtained were analysed using contingency tests 

and chi-square values were determined in order to test for significance 

in accordance with the method defined by Daniel (1978) . Wherever sig

nificance was ascertained, the 95% confidence interval (C.I.) for indi

vidual treatments was determined using population proportions (Daniel, 

1978). Using the 95% C.I. the chemical-adjuvant treatments were first 

independently compared with the standard insecticide treatment for sig

nificance, and then comparisons were made within the treatments which 

gave significant ratings. 

Data obtained on toxicity of adjuvants could not be subjected 

to statistical analysis since these tests were performed independently, 

at different time periods from the insecticide treatments. In many 

instances, the incorporation of adjuvants, and sometimes the solvent 

alone (with house crickets and termites), contributed to the toxicity 
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of the chemical treatments. Toxicity due to the insecticide alone minus 

the solvent's toxicity is defined as the effective toxicity of the stan

dard insecticide treatment. Acetone was found to be toxic to house 

crickets and dry wood termites, but both solvents (cottonseed oil 

tested on house flies only) had no ill effects on all other insects 

tested. As a result, the effective toxicities of the standard insecti

cide treatments were identical to the toxicity of the insecticides with 

all insects except for house crickets and termites. Toxicity due to 

the combined action of adjuvant with the insecticide minus the inherent 

toxicity of that adjuvant is defined as the effective toxicity of that 

treatment. The procedure adapted in arriving at effective toxicity 

values is depicted in Appendix A. 



RESULTS 

House Flies 

House flies were topically treated with the 5 adjuvants (at 

1 and 10% levels) in combination with cypermethrin (0.004 yg/pl), methyl 

parathion (0.026 yg/pl), methomyl (0.05 pg/pl), and thiodicarb (4.0 jjg/ 

pi). Cypermethrin and methyl parathion were dissolved in both acetone 

and cottonseed oil, but methomyl and thiodicarb were missible with 

acetone only. 

The two solvents were found to be non-toxic to house flies at 

24 and 48 hours after treatment (Table 1). The mortalities obtained 

on treating flies with adjuvant-solvent combinations showed that in gen

eral adjuvant/cottonseed oil (in the absence of insecticides) treatments 

were more toxic than those incorporated in acetone. In addition, higher 

levels of adjuvants often resulted in higher mortalities. Yet, the 

inherent toxicity exhibited by the adjuvants were not sufficiently high 

to result in major changes in the effective toxicity values. 

Cypermethrin 

Only 24 hour mortality readings were recorded for cypermethrin 

dissolved in acetone. With the exception of UA 102, all other combina

tions of cypermethrin with adjuvants resulted in higher mortalities 

when compared to the standard cypermethrin treatment. In acetone, 10% 

UA 101-cypermethrin combination was the most superior and resulted in 

the highest mortality of house flies. 
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1/ 2/ 
Table 1. Percentage toxicity of adjuvants in solvents— and effective toxicity^- of insecticides com

bined with adjuvants when applied topically to house fliesi'—' 

Insecticide 
Insecticide; Solvent; in Z UA101 % UA102 % UA103 7. UA104 % UA105 
(Dose: pg/pl) (Hr. post-treatment) Solvent T ITT 1 ITT T TO i jq 1 10 

_ 

Acetone: 
(24) 
(48) 

0 

I 

0 

3 

0 

0 

0 

1 
0 

0 

0 

0 

0 

0 

0 

3 

0 
0 

0 

1 

-

Cottonseed oil: 
(24) 
(48) 

1 
5 

8 
11 

0 
3 

4 
8 

0 
1 

3 
5 

0 
1 

3 
8 

0 
0 

1 
3 

Acctone: 
(24) 9 36(b) 66(a) 16 17 20(c) 21(c) 29(bc) 43(b) 30(bc) 39 (b: 

Cypermethrin; 
(0.004) 

Cottonseed oil: 

(24) 
(48) 

39 
39 

39 
38 

60(a) 
62(a) 

33 
38 

29 
31 

36 
42 

45 
50 

33 
42 

55 
55(a) 

21 
29 

53 
53 

Acetone: 
(48) 83 80 66 85 5^(3) 81 71 88 63 85 68 

Methyl parathion; 
(0.026) 

Cottonseed oil: 
Expt. I (48) 
Expt. II (48) 

21 
26 

23 
57(a) 

25 
38 

14 
39 

30 
38 

14 
28 

Methomyl; 
(0.05) 

Acetone: 
(48) 34 57(b) 95(a) 54 92(a) 61(b) 96(a) 71(b) 93(a) 61(b) 94(a; 

Thiodicarb; 
(4.0) 

Acetone: 
(48) 38 97(a) 85(ab) 49 82(b) 38 90(ab) 90(ab) 78(b) 29 80(b) 

1/No mortality due to solvents. 
2/Effective toxicity (insecticide/adjuvant toxicity-adjuvant toxicity). 
3/1 yl per insect. 
4_/Toxicity of insecticide/adjuvant when different from standard insecticide treatment designated by 
letters. Toxicity statistically analysed as proportion mortality. Those having the same letter 
(horizontally) are not statistically different. 

5/Methyl parathion/10% UA102 in acetone (48 hours) less toxic than standard insecticide treatment. 
All other denotations indicate superiority relative to standard insecticide treatment. 
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The knockdown effect followed by recovery after a few hours 

commonly recognized with pyrethroids was casually observed with the 

standard cypermethrin treatment. Observations showed that the incorpora

tion of adjuvants along with cypermethrin resulted in delayed knockdown 

and in many instances flies did not recover. 

Equivalent amounts of cypermethrin proved to be more toxic to 

house flies when incorporated in cottonseed oil than when dissolved in 

acetone. Thus, although cottonseed oil itself was non-toxic to the 

flies, it enhanced the toxic action of cypermethrin. Addition of ad

juvants to cypermethrin enhanced its toxicity only in a few instances. 

Only the higher levels of UA 101 (24 and 48 hours), and UA 104 (48 

hours) gave significantly higher mortalities when compared to the stan

dard treatment. The effective toxicity values indicate potentiation of 

cypermethrin although UA 101 and UA 104 had relatively higher inherent 

toxicities. 

The performance of adjuvants was better when cypermethrin was 

dissolved in acetone. Yet, cottonseed oil itself raised the toxicity 

of the insecticide. The possibility exists that the adjuvants may be 

more efficient in enhancing the toxicity of a lower dose of cypermethrin 

in cottonseed oil. 

Methyl Parathion 

Addition of adjuvants did not increase the toxicity of methyl 

parathion when dissolved in acetone (48 hours). In fact, 10% UA 102/ 

methyl parathion gave significantly lower mortality than the standard 

treatment. 
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In cottonseed oil, the toxicity of the standard methyl parathion 

treatment was very much lower relative to the corresponding treatment in 

acetone. This was in contrast to the results obtained with cypermethrin. 

Also, the higher level of UA 101 enhanced the toxic action of methyl 

parathion in cottonseed oil. 

With the exception of 10% UA 101 (in cottonseed oil), none of 

the other adjuvant treatments facilitated the toxicity of methyl para

thion to house flies. Probably, the adjuvants have very little or no 

potential for use with methyl parathion. 

Methomyl 

Addition of adjuvants to methomyl was definitely advantageous 

in terms of toxicity to house flies. In fact, an increase in mortality 

was obtained with all adjuvant-methomyl combinations except for 1% UA 

102. Also, higher concentrations of adjuvants always resulted in sig

nificantly higher mortalities when combined with methomyl. 

Administration of methomyl also resulted in knockdown in house 

flies. But, unlike cypermethrin, this phenomenon was observed with all 

treatments. 

Thiodicarb 

At lower adjuvant levels, only UA 101 and UA 104 increased the 

efficacy of thiodicarb in acetone. On the other hand, 10% adjuvant-

thiodicarb combinations resulted in higher mortalities in all instances. 

UA 101 (1 and 10%), 10% UA 103, and 1% UA 104 gave best results. Thus 
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insecticidal activity of thiodicarb was tremendously improved by com

bination with some adjuvants. 

Pink Bollworms 

Two insecticides, cypermethrin (0.004 yg/yl) and methomyl 

(0.05 yg/yl), "ere dissolved in acetone and topically treated on pink 

bollworm adults. Only 3 adjuvants (UA 101, UA 103, and UA 105) were 

employed in these studies, and 72-hour mortality readings were analyzed 

(Table 2). 

Acetone had no toxic effects on pink bollworms. Lower levels 

of adjuvants/acetone were again non-toxic, but 10% levels were toxic 

to the moths. Yet, the inherent toxicities of the adjuvants did not 

lower the effective toxicities of the two insecticides to values lower 

than that of the relevant standard treatments. 

Cypermethrin 

Higher mortality of the moths was only obtained when UA 101 was 

combined with cypermethrin. Based on both toxicity ratings and 

effective toxicity data, 1% UA 101 was superior to its 10% counterpart. 

Methomyl 

When adjuvants were incorporated at the lower concentration 

with methomyl, only UA 101 increased the mortality of the pink boll

worms. But at higher levels, all combinations effectively increased 

the toxic effects of methomyl. UA 101 at 10% gave best results in 

these studies. 



Table 2. Percentage toxicity of adjuvants in acetone- and effective 
toxicity-?-' of insecticides combined with adjuvants in 
acetone when applied topically to pink bollworms 

Insecticide; 
Insecticide 

in % UA101 % UA103 % UA105 
(Dose: pg/pl) Acetone 1 10 1 10 1 10 

- 0 11 0 3 0 3 

Cypermethrin; 
(0.004) 

53 96(a) 63(b) 61 43 59 68 

Methomy1; 
(0.05) 

28 74(b) 88(a) 25 63(b) 21 73(b) 

_l/No mortality due to acetone at 72 hours. 
2/Effective toxicity (insecticide/adjuvant toxicity-adjuvant 
toxicity). 

3/72 hour mortality readings. 
4/1 yl per insect. 
5/Toxicity of insecticide/adjuvant when different from standard 
insecticide treatment designated by letters. Toxicity statistic
ally analysed as proportion mortality. Those having the same 
letter (horizontally) are not statistically different. All denota
tions indicate superiority relative to standard insecticide treatment. 
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Tobacco Budworms 

Two pyrethroids,permethrin (0.01 pg/yl) and cypermethrin (0.008 

pg/yl), dissolved in acetone were topically applied to 3rd instar bud-

worm larvae. Both acetone as well as the 3 adjuvants in acetone had 

no toxic effects on the budworms 72 hours after treatment. 

Permethrin 

The incorporation of all adjuvants had antagonistic effects on 

permethrin when applied to budworms (Table 3). The reduction in tox

icity was greater with the higher level of adjuvants, although not 

always significantly different from the lower adjuvant levels. 

Cypermethrin 

The same trends as with permethrin were seen on incorporating 

adjuvants with cypermethrin. All adjuvant/cypermethrin combinations 

lowered the potency of cypermethrin on tobacco budworm larvae. 

Boll Weevils 

Cypermethrin (0.08 pg/yl) dissolved in acetone was administered 

topically to boll weevils. Acetone as well as the 3 adjuvants/acetone 

combinations were found to have no toxicity on the weevils 96 hours after 

treatment. 

Cypermethrin 

With boll weevils it was revealed that addition of adjuvants to 

cypermethrin did not increase the insecticidal activity of cypermethrin 

significantly (Appendix L). Ten % UA 101 combined with cypermethrin 
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1/2/ 
Table 3. Percentage effective toxicity^ — of insecticides combined 

with adjuvants in acetone when applied topically to tobacco 
budworm larvae (3rd instars)A/i!./5/ 

Insecticide; Insecticide % UA 101 % UA 103 % UA 105 
(Dose: ug/yl) in Acetone 1 10 1 10 1 10 

Permethrin; 62 10(a) 7(a) 20(ab) 5(a) 30(b) 8(a) 
(0.01) 

Cypermethrin; 58 17(b) 5(a) 27(b) 3(a) 28(b) 18(b) 
(0.008) 

"'"No mortality due to acetone and adjuvants in acetone. 

2 Effective toxicity (insecticide/adjuvant toxicity). 

3 72 hour mortality readings. 

A 
1 yl per insect. 

"'Toxicity of insecticide/adjuvant when different from standard insec
ticide treatment designated by letters. Toxicity statistically 
analysed as proportion mortality. Those having the same letter 
(horizontally) are not statistically different. All denotations 
indicate inferiority relative to standard insecticide treatment. 
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seemed to indicate a greater effectivity, but was not statistically 

significant• 

House Crickets 

First instar cricket nymphs were exposed to filter papers treated 

with permethrin (0.004 and 0.005 yg/ul) and cypermethrin (0.001 and 

0.004 pg/ul). Interpretations were based on 24, 48, and 72 hour mor

tality readings (Table 4). 

With cricket nymphs, exposure to acetone resulted in slight 

mortality at 24, 48, and 72 hours, and mortality increased with time. 

But, the toxic effect of acetone was relatively low when compared to 

the toxicity due to contact with adjuvants in acetone. All combina

tions of the 3 adjuvants with acetone were toxic and there was an 

appreciable increase in mortality from 24 through 72 hours after treat

ment. Also, higher concentrations of adjuvants were noticeably more 

toxic. In fact, 10% adjuvants in acetone at 72 hours resulted in mor

talities of 50% or more in the nymphs. 

The high contributions from the adjuvant-acetone combinations 

influenced the effective toxicity values of the treatments greatly. As 

a result, the effective toxicity values of treatments were very dif

ferent from the corresponding toxicity ratings. 

Permethrin 

Incorporation of adjuvants with 0.004 yg/pl permethrin promoted 

its insecticidal activity on crickets at all time periods. At the 



1/2/ 
Table 4. Percentage contact toxicity of adjuvants in acetone and, effective contact toxicity •*/&/ 

of insecticides combined with adjuvants in acetone to house cricket nymphs (1st instars) 

Insecticide 
Insecticide; Acetone in % UA101 % UA103 % UA105 
(Dose: pg/pl) Hr. post-treatment Toxicity Acetone 1 10 1 10 1 10 

_ 24 1 1 12 4 4 4 17 
- 48 3 13 40 12 40 9 47 
— 72 7 21 56 24 65 11 68 

Permethrin; 24 3 49(ab) 30(b) 24(bc) 15(c) 19(c) 50(a) 
(0.004) 48 5 65(a) 33(ab) 39(b) 18(b) 32(b) 35(a) 

72 22 66(ab) 37(a) 50(b) 19(ab) 42(c) 25(a) 

Permethrin; 24 10 68(b) 70(a) 45(c) 29(d) 54(be) 49(b) 
(0.005) 48 43 83(a) 53(ab) 65(be) 36(c) 61(c) 40(b) 

72 73 79(a) 43(a) 60 27(b) 72 25(b) 

Cypermethrin; 24 2 50(a) 45(a) 32(b) 27(b) 22(b) 30(ab) 
(0.001) 48 11 72(a) 41(ab) 59(be) 22(c) 39(d) 22(be) 

72 41 77(a) 37(ab) 61(b) 2Kb) 48 1Kb) 

Cypermethrin; 24 22 87(a) 55(b) 64(b) 54(b) 66(ab) 56(ab) 
(0.004) 48 75 85(a) 57(a) 78 48 79 40 

72 88 79 41 74 32 86 29 

1/Effective toxicity (insecticide/adjuvant toxicity - adjuvant toxicity). 
^/Effective toxicity (insecticide/acetone toxicity - acetone toxicity). 
3_/1.5 ml per treatment; 15 insects per treatment. 
4/Toxicity of insecticide/adjuvant when different from standard insecticide treatment designated by 
letters. Toxicity statistically analysed as proportion mortality. Those having the same letter 
(horizontally) are not statistically different. All denotations indicate superiority relative to cr> 
standard insecticide treatment. 



higher dosage of permethrin (0.005 yg/pl) , addition of all adjuvants 

increased its insecticidal activity at 24 and 48 hours. But, at 72 

hours, lower levels of UA 103 and UA 105 did not produce an increase 

in mortality. 

Combined action of the adjuvant UA 101 with permethrin (both 

doses) was superior to most other combinations based on toxicity 

ratings. Ten % UA 105 was comparable to UA 101 only when incorporated 

with 0.005 yg/pl permethrin. With a few exceptions, the increase in 

mortality experienced due to the incorporation of adjuvants at higher 

levels was found to be either equal to or greater than that obtained 

with lower levels of the same adjuvants. 

The effective toxicity data present a very different basis for 

estimation of adjuvant efficacy, as a result of the high inherent 

toxicity of the adjuvants (especially at 10%). Permethrin-1% UA 101 

could be selected as the most favorable combination based on effective 

toxicity values. In addition, effective toxicity values obtained with 

lower levels of adjuvants are either nearly equal to or higher than 

those obtained with higher concentrations of adjuvants. This is in 

direct contrast to the toxicity ratings considering the same treatments. 

As a consequence of high adjuvant toxicities (inherent), there are 

instances where the effective toxicity of the adjuvant incorporated 

treatment is lower than the corresponding standard insecticide value. 

Such an outcome would indicate antagonistic effect between the 

adjuvant and insecticide under question, although the overall toxicity 

ratings indicate increase in insecticidal activity. This phenomenon 
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was clearly seen on incorporating adjuvants with the higher dose of 

permethrin. With the exception of 1% UA 101, all other adjuvant in

corporations lower the effective toxicity values to levels much lower 

than that of the standard permethrin treatment 72 hours following 

exposure. 

Cypermethrin 

At the lower dose of cypermethrin (0.001 yg/pl), addition of 

adjuvants enhanced its toxicity in every treatment except for the 1% 

UA 105-cypermethrin combination at 72 hours. But, at the higher 

cypermethrin dose (0.004 ug/ul), the general efficacy of adjuvants 

varied from 24 through 72 hours. Twenty-four hours after exposure all 

adjuvants raised the insecticidal activity of cypermethrin, but at 48 

hours only UA 101 effectively increased mortality. By 72 hours, none 

of the adjuvants made significant changes to the toxicity of cypermeth

rin to cricket nymphs. 

Similar to its activity with permethrin, UA 101 is outstanding 

in its performance with cypermethrin at both doses. In most instances, 

the effective toxicity figures do not parallel the overall toxicity 

ratings obtained. Also in all treatments, the 10% concentration of 

adjuvants result in lower effective toxicity values than their 1% 

counterparts. Based on effective toxicities, the lower level of UA 

101 would be the best adjuvant to employ with cypermethrin on crickets. 

The effective toxicity data with lower (72 hour readings) and higher 

(48 and 72 hour readings) doses of cypermethrin incorporate many 

values which are lower than the corresponding standard treatment. As 



a result of the high inherent toxicities of the 10% adjuvants, the 

effective toxicities of the 10% adjuvant/cypermethrin combinations 

were considerably lowered. 

Dry Wood Termites 

Termite pseudergates were exposed to filter papers treated 

with methomyl (0.05 yg/yl). Acetone as well as the adjuvant-acetone 

combinations resulted in mortalities equal to or less than 5% with the 

exception of 10% UA 103 at 72 hours following exposure (Table 5). 

Methomyl 

Toxicity ratings as well as effective toxicity values reveal 

that higher levels of UA 101 and UA 103 effectively increase the in-

secticidal action of methomyl on termites. Further studies may be 

needed to arrive at conclusions, since only 10 pseudergates were 

exposed in each of the 2 replicates employed. 

Casual observations revealed that termites exposed to acetone-

adjuvant, and methomyl-adjuvant combinations showed similar feeding 

activity (on filter paper) when compared to the standard methomyl 

treatment. The termites treated with only acetone showed much greater 

amount of feeding. It was also observed that the adjuvant-methomyl 

combinations caused the termites to be very lethargic (even at 24 

hours) and defecate profusely. These features were not seen with the 

standard treatment. 



Table 5. Percentage contact toxicity of adjuvants in acetone and 
effective contact toxicity.!'—' of methomyl (0.05 pg/pl) 
in acetone to termite pseudergates J±]z!zlzJ 

Acetone 
Methomyl 

in % UAlOl % UA103 % UA105 
Toxicity Acetone 1 10 1 10 1 10 

5 0 5 5 15 5 5 

20 35 90(a) 20 80(a) 15 30 

^/Effective toxicity (methomyl/adjuvant toxicity - adjuvant toxicity). 
2/Effective toxicity (methomyl/acetone toxicity - acetone toxicity). 
3/Pseudergates: mid-developmental stages (probably 5-8th instar). 
A/72 hour mortality readings. 
.5/1.5 ml per treatment; 10 insects per treatment. 
6/Toxicity of methomyl/adjuvant when different from standard methomyl 
treatment designated by letters. Toxicity statistically analysed 
as proportion mortality. Those having the same letter are not 
statistically different. Both denotations indicate superiority rela
tive to standard methomyl treatment. 



DISCUSSION 

The experimental spray adjuvants employed in these studies had 

been found to enhance the efficacy of defoliants when used on cotton 

(Carasso, University of Arizona, personal communications). It was felt 

that they increased the penetration across the plant cuticle. Since the 

insect cuticle shares certain basic characteristics with the plant 

cuticle, the possibility existed that these adjuvants could enhance 

the penetration of insecticides, increasing their toxicity. If success

ful, the incorporation of adjuvants could lead to the use of lower dos

ages of insecticides and thus alleviate or postpone the development of 

resistance to insecticides. The purpose of the study herein was to 

test this hypothesis and to determine the spectrum of activity of the 

adjuvants with different classes of insecticides on several insect 

species. 

Results revealed that the adjuvants had synergistic or poten

tiating effects in many instances. Variations existed when adjuvants 

were tested on different insect species and with different insecticide 

classes. 

The adjuvants were found to increase the potency of cypermethrin 

in acetone, methomyl and thiodicarb when used on house flies. Also, 

the performance of 10% UA 101 was exceptionally good with all insecti

cides tested on house flies with the exception of methyl parathion in 

acetone. 
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On pink bollworms, the lower and higher concentrations of UA 101 

proved to have superior effects on the toxicities of both cypermethrin 

and methomyl. Results indicated that adjuvants increase the toxicity of 

methomyl to a greater extent than cypermethrin. 

Results obtained with tobacco budworms were in direct contrast 

to what was expected of the adjuvants. The antagonistic effect of the 

adjuvants on the two pyrethroids tested need to be clarified further. 

With boll weevils, the adjuvants had no effect on the potency 

of cypermethrin. But confirmation of these results may be required 

since only 10 adults were used in each of the 4 replicates used in this 

study. 

Studies on house cricket nymphs showed that the incorporation 

of adjuvants was considerably more effective at lower doses of the 2 

pyrethroids compared to the higher doses. Also, the addition of 

adjuvants often potentiated the insecticidal activity of insecticides 

at the lower doses of adjuvants. In relation to effective toxicities, 

1% level of adjuvants were often more effective than the coresponding 

10% levels. As an outcome of these studies it could be concluded that 

best and effective use of adjuvants could be made in combination with 

low doses of the two pyrethroids at 1% adjuvant levels. UA 101 at 1% 

has high potential for use on cricket nymphs with permethrin as well 

as cypermethrin. 

Conclusions cannot be drawn from the results on termites due 

to the low number of pseudergates used. Yet, there is a strong 

possibility that the adjuvants enhanced the toxicity of methomyl. 
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Mechanism of Action of Adjuvants 

Conclusions cannot be made regarding the mode of action of these 

adjuvants until further investigations are conducted. Yet, based on the 

results and evidence from literature, one could speculate on the mech

anism of action of the adjuvants on different classes of insecticides 

with respect to the test species. 

Alterations in the polarity of insecticides could have signifi

cant effects on their potency. The efficacy of any toxicant is deter

mined by both its aqueous affinity and general polarity distribution 

(Briggs et al. , 1976; P. Magee, 1982: Olson and O'Brien, 1963). P. Magee, 

1982) also reported that optimum partition ratios increased toxicity 

and hence, use of surfactants could enhance the penetrability of certain 

toxicants (at the cuticle or target level). Weiden (1968) reported that 

the optimum partition ratio of a substance with enough lipophilicity and 

sufficient hydrophilicity would not only enhance its penetration, but 

would also minimize microsomal oxidation. Thus, he postulated that 

structure-activity relationships could affect translocation and deter

mine the rate of detoxication by microsomal enzymes. 

According to these findings, the combined use of adjuvants with 

insecticides could have had an effect on the polarity of the toxicant 

resulting in a change in rate of penetration, or altering its suscep

tibility to degradation by microsomal enzymes. Penetration could have 

been altered at the site of entry (external cuticle) or the target organ 

concerned. These polarity changes would depend on the adjuvant, in

secticide, and insect species in question. 
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Adjuvants with Pyrethroids 

According to Briggs et al. (1976) , rate of penetration, transport 

to the site of action, susceptibility to detoxication, and fit of mole

cular structure at the site of action are important factors determining 

the insecticidal action of pyrethroids. They further mentioned that 

although rate of penetration and susceptibility to detoxication were 

dependent on the polarity of the molecule (and there are optimum polar

ities for determining their potencies), they accounted for only 10% of 

the observed toxicity. Based on their observations, they postulated 

that partition coefficients have no relationship to the penetration of 

pyrethroids, while the receptor site was more important in determining 

toxicity. Working on resistant mechanisms, De Vries and Georghiou 

(1981) mentioned that resistance to all pyrethroid groups could be de

veloped by reduction in sensitivity at the active site. Miller and 

Adams (1982) reported that more polar pyrethroids tended to be better 

knockdown agents while nonpolar pyrethroids acted more slowly and were 

more potent killing agents. Also, Patil et al. (1979) regarded the 

delayed knockdown of pyrethrin-1 to be linked with delayed cuticular 

penetration in a pyrethrin resistant strain of house flies. 

The observations made on house flies when treated with 

cypermethrin-adjuvant combinations revealed differences in knockdown 

and killing rates. The standard treatment gave quicker and higher 

rates of knockdown, while the adjuvant treatments resulted in slower 

knockdown rates accompanied by greater mortality. This may mean that 

the penetration of cypermethrin through the surface cuticle is not 
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enhanced by the adjuvants. Support for this is obtained from Chang and 

Jordon's (1982) findings that rapid penetration of topically-applied 

pyrethroids was common in a wide range of insects. Also, incorporation 

of adjuvants could have resulted in alterations in the polarity of 

cypermethrin, with consequent effects on the target site. 

Gerolt (1969, 1970) found that oil is an excellent absorbant 

for most insecticides when topically applied. Insecticides have a 

high affinity for oil which has a toxicity reducing effect. This was 

found to be true with regard to methyl parathion treatments incorporated 

in cottonseed oil (house flies). But, the results obtained with cyper

methrin in cottonseed oil were in direct contrast to these findings. 

Maybe, the oil had a stabilizing effect on cypermethrin on the outside 

of the insect cuticle, thus increasing its toxicity. 

Pyrethroids commonly undergo degradation by oxidation and 

hydrolysis (Holden, 1978; Plapp, 1973; and Chang and Jordon, 1982). 

Hence, inhibitors of the relative enzyme systems should synergize pyre

throids. When cypermethrin and permethrin were combined with adjuvants 

in acetone, there were many instances where synergism or potentiation 

were observed (house flies, pink bollworms and house crickets). This 

could have been brought on by the altered polarity of the pyrethroids 

which reduced degradations by the enzyme systems. When incorporated 

into cottonseed oil (house flies), the oil itself could have affected 

the polarity of cypermethrin causing a reduction in detoxication. 

Hence, the addition of adjuvants did not affect the toxicity to any 

significant extent except with 10% UA 101 and 10% UA 104. 



46 

The expected results obtained with tobacco budworm cannot be 

explained without further investigations. According to Chang and 

Jordon (1982) pyrethroids are metabolized by oxidation and hydrolysis 

in tobacco budworm, and hydrolysis is the major metabolic route. The 

action of combined use of pyrethroids and adjuvants on the metabolic 

pathways of budworm are possibly different from those on other insects 

tested. Also, the possibility exists that the adjuvants may have 

different effects on other stages of tobacco budworm. 

Adjuvants with Carbamates 

Many workers found that miscrosomal enzyme inhibitors were all 

effective carbamate synergists, blocking enzymatic insecticide detoxi-

cation and thus permitting the insecticide to exert its potential 

toxicity to a greater extent (Wilkinson, 1971; Eldefrawi et al., 1960; 

Wilkinson, 1983). They felt that the predominant role of microsomal 

oxidases in carbamate metabolism caused synergists to have a dramatic 

effect on carbamate toxicity, by inhibition of the microsomal detoxica-

tion process. Chio and Sanborn (1977) determined that atrazine inhibited 

carbofuran metabolism in house crickets, resulting in an increase in 

toxicity of carbofuran. Lichtenstein et al. (1979) studied the effects 

of atrazine on the toxicity, penetration and metabolism of carbofuran 

in house flies. They reported that atrazine inhibited the penetration 

of carbofuran, making its biological activity available over longer 

periods and inhibited the metabolic degradation of the insecticide 

into less stable compounds. Lichtenstein et al. (1979) concluded that 

14 
the increased stability of C-carbofuran both outside and inside the 



insect body resulted in an increased toxicity of the insecticide. 

But, according to Matsumura (1983), decrease in cuticular penetration 

should give the metabolic system the opportunity to degrade the insec

ticides to innoculuous materials. 

The results obtained with methomyl (house flies, pink bollworms, 

and termites) and thiodicarb (house flies) revealed that the use of 

adjuvants had great synergistic or potentiating effects in many treat

ments. The increased toxicity may be due to alterations in rate of 

penetration, decrease in rate of detoxication by the microsomal 

enzymes, or changes in response to the target enzyme, acetylcholine 

esterase. Based on results obtained by other workers on carbamate 

synergism, and the overall success of adjuvants with carbamates in 

these studies, it seems possible adjuvants cause a decrease in micro

somal degradation of methomyl and thiodicarb. 

Adjuvants with Organophosphates 

The detoxication pathways of organophosphates are immensely more 

complex than those of carbamates, and include hydrolysis, dealkylation, 

and oxidative pathways (Wilkinson, 1971). In view of these com

plexities, Wilkinson (1971) predicts that the effects of different 

synergists on organophosphate metabolism and toxicity are often 

unpredictable and difficult to interpret. The phosphorothioate 

organophosphates, e.g., methyl parathion are activated by microsom

al oxidation, and their toxicity is often antagonized by oxidase 

inhibitors, In this process, the phosphorothioates are 



48 

converted to highly potent phosphate anticholinesterases by desulfura-

tion. This interaction of phosphorothioate insecticides with inhibitors 

of microsomal oxidation presents additional problems owing to the fact 

that materials are subject to both activation and detoxication meta

bolism by microsomal enzymes (Wilkinson, 1971). Hence, the net result 

of synergist interaction (antagonism or synergism) will therefore de

pend on the metabolic balance between the critical pathways responsible 

for activation and degradation, and on the degree to which each of 

these pathways is inhibited by the synergist. 

Methyl parathion is a phosphorothioate insecticide and the 

results obtained (house flies) seem plausible from the foregoing. If 

the adjuvants effectively decrease the susceptibility of methyl parathion 

to microsomal oxidases, the results could be explained. Since these 

oxidases first activate and then result in degradation of the insecti

cide, the outcome would depend on the balance of these two factors. 

In addition, other degradative pathways are also important with methyl 

parathion. In view of these facts, work with methyl parathion seems 

to provide additional evidence for the suppressing action on microsomal 

enzymes by the adjuvants. 

Significance of Study 

The efficacy of the adjuvants as synergists, potentiators or 

antagonists, are dependent on many factors: chemical structure and 

physical properties of both insecticide and adjuvant; species and 

strain of insect; physiological factors such as age and sex: and choice 
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of solvent. Undoubtedly these chemical adjuvants increased the toxicity 

of many insecticides on some of the test species. 

Commercial and public interest are focused on issues such as 

greater selectivity, biodegradability, economics, and spectre of in

sect resistance to insecticides. If any of these adjuvants could be 

incorporated with pesticides to achieve these features, it would be a 

valuable asset to future pest control programs. But, increasing in-

secticidal potency alone would not assure their acceptance by commer

cial circles. 

From an economic view point, the use of these adjuvants would 

depend on their efficacy as synergists, and the required ratio of 

adjuvant to insecticides. The cost: benefit ratio could be determined 

from these factors. Commercial acceptance would also depend on ease 

of formulation and the spectrum of activity of these adjuvants with 

various classes of pesticides and pest species. 

The toxicity of adjuvants to man, beneficial insects and other 

organisms in our ecosystem (human and ecological hazards) would also 

be important factors determining the future prospects of the adjuvants. 

Also, potential hazards on tissues of higher animals and man, including 

carcinogenic properties, and their stability in the environment need to 

be elucidated before commercial development is feasible. Carasso 

(personal communication) considered that UA 101 and UA 104 had phyto-

toxic effects when used with defoliants on cotton. This would be still 

another aspect to be considered with regard to selectivity. 

The development of insect resistance is one of the most chal

lenging problems. Hence, if these adjuvants could be used to restore 
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susceptibility of a strain, delay, or prevent the onset of resistance 

by decreasing the selection pressure from the use of lower rates, they 

would be of immense use in pest control. But, as mentioned by 

Wilkinson (1983), synergism of one pathway could sometimes lead to in

creased resistance to others resulting in more serious problems. 

Therefore, careful consideration should be given to features such as 

mode of action of adjuvants and the resistant pathways they could over

come with different insecticides and different insect species. However, 

it should also be recognized that insects are highly adaptable and 

there is no guarantee that they would continue to remain susceptible 

to these new adjuvants. 

At the outset of these studies, it was conceived that the 

adjuvants may enhance the toxicity of insecticides by increasing their 

penetration across the insect cuticle. But, based on the results, it 

seems that their mode of action is more complex, and does not involve 

penetration alone. The results have clearly indicated that the insec-

ticidal activity of many classes of compounds could be greatly modified 

when applied in combination with the adjuvants. Probably, the effec

tiveness of many insecticides could be extended to control strains and 

species presently outside the spectrum of insecticidal action. Also, 

the same degree of control could be achieved using much lower dosages, 

wherever the adjuvants act in a synergistic or potentiating manner. 

This decrease in selection pressure would in turn aid in overcoming, 

delaying, or preventing the development of resistance, and hence extend 

the life of insecticides available today. 



Provided these adjuvants are safe, selective, and economical 

they have great potential for use in future pest control programs. 

These studies have indicated that the adjuvants could be important. 

The rapidly dwindling number of effective pest control agents necess 

itates that chemicals such as these adjuvants not be ignored. 



APPENDIX A 

DESIGN FOR CALCULATION OF 

EFFECTIVE TOXICITY VALUES 
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Appendix A. Design for calculation of effective toxicity values. 

Solvent 1% Adjuvant 10% Adjuvant 
Only (S) (V (p2) 

xo V Vi T0P2 

I IS I P1 I P2 

IQ = Insecticide not incorporated (controls). 

I = Insecticide treatments. 

IS-IQS = Effective toxicity (Insecticide in solvent - solvent 
toxicity). 

IPj-I.P^ = Effective toxicity (Insecticide/1% adjuvant - 1% 
adjuvant toxicity). 

P̂2~*0P2 = Effective toxicity (Insecticide/10% adjuvant - 10% 
adjuvant toxicity). 



APPENDICES B THROUGH Q 

TOXICITY DATA OF INSECTICIDES IN COMBINATION 

WITH ADJUVANTS WHEN APPLIED TO HOUSE FLIES, 

PINK BOLLWORMS, TOBACCO BUDWORM LARVAE, BOLL 

WEEVILS, HOUSE CRICKET NYMPHS AND 

TERMITE PSEUDERGATES 
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Appendix B. Toxicity of cypermethrin (0.004 yg/pl ) combined with 
adjuvants in acetone when applied topically to house 
flies.^ 

Treatment % 
Proportion 

Dead 95% C.I 
3,4,5 

Standard Insecticide 

UA 101: 
1 
10 

0.09 

.36 
,  66 

0.04 - 0.13 

.29 -

.59 -
.44 b 
. 74 a 

UA 102: 
1 
10 

.16 

.17 
.11 -
.11 -

.22 ns 

.23 ns 

UA 103: 
1 
10 

. 2 0  

.21  
.14 -
.14 -

. 26 c 

.27 c 

UA 104; 
1 
10 

.29 

.43 
. 2 2  
.35 

.36 be 

.51 b 

UA 105: 
1 
10 

.30 

.39 
.23 
.31 

.37 be 

.46 b 

1 pi per insect. 

"24 hour mortality readings. 

^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

i, 

n=160 observations used in deriving confidence interval. 

5Chi-square of 220.69 significant at 1% level. 
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Appendix C-l. Toxicity of cypermethrin (0.004 yg/yl ) combined with 
adjuvants in cottonseed oil when applied topically to 
house flies.^ 

• 

Proportion 3 4 5 
Treatment % Dead 95% C.I 

Standard Insecticide 0.39 0.28 - 0.49 

UA 101: 
1 .40 .29 - .51 ns 
10 .68 .57 - .78 a 

UA 102: 
1 .33 .22 - .43 ns 
10 .33 .22 - .43 ns 

UA 103: 
1 .36 .26 - .47 ns 
10 .48 .37 - .58 ns 

UA 104: 
1 .33 .22 - .43 ns 
10 .58 .47 - .68 ns 

UA 105: 
1 .21 .12 - .30 ns 
10 .53 .42 - .63 ns 

"'"l yl per insect. 

2 24 hour mortality readings. 

"^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n = 80 observations used in deriving confidence interval. 

"'chi-square of 58.54 significant at 1% level. 
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Appendix C-2. Toxicity of cypermethrin (0.004 yg/pl ) combined with 
adjuvants in2Cottonseed oil when applied topically to 
house flies. 

* 

Proportion 4 S 
Treatment % Dead 95% C.I 

J »J 

Standard Insecticide 0.39 0.28 - 0.49 

UA 101: 
1 .43 .32 - .53 ns 
10 .73 .63 - .82 a 

UA 102: 
1 .41 .30 - .52 ns 
10 .39 .28 - .49 ns 

UA 103: 
1 .43 .32 - .53 ns 

10 .55 .44 - . 66 ns 

UA 104: 
1 .43 .32 - .53 ns 

10 .63 .52 - .73 a 

UA 105: 
1 .29 .19 - . 39 ns 

10 .56 .45 - .67 ns 

^"1 ul per insect. 

2 48 hour mortality readings. 

"^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

n = 80 observations used in deriving confidence interval. 

^Chi-square of 70.86 significant at 1% level. 
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Appendix D. Toxicity of methyl parathion (0.026 y g/y 1 ) combined with 
adjuvants in acetone when applied topically to house 
flies.^ 

• 

Proportion 3 4 5 
Treatment % Dead 95% C .1 

Standard Insecticide 0.83 0.74 - 0.91 

UA 101: 
1 .81 .73 - .90 ns 
10 .69 .59 - .79 ns 

UA 102: 
1 .85 .77 - .93 ns 

10 .60 .49 — .71 a 

UA 103: 
1 .81 .73 - .90 ns 

10 .71 .61 — .81 ns 

UA 104: 
1 .88 .80 - .95 ns 

10 .66 .56 — .77 ns 

UA 105: 
1 .85 .77 - .93 ns 

10 .69 .59 .79 ns 

H ill per insect. 

2 48 hour mortality readings. 

"*95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=80 observations used in deriving confidence interval. 

^Chi-square of 38.09 significant at 1% level. 



Appendix E-l. Toxicity of methyl parathion (0.026 yg/pl ) combined 
with 1% adjuvants in cottgn^eed oil when applied 
topically to house flies. ' 

Treatment Proportion Dead 

Standard Insecticide 0.21 

UA 101 .28 

UA 102 .28 

UA 103 .15 

UA 104 .31 

UA 105 .14 

^1 yl per insect. 

2 48 hour mortality readings. 

3 Chi-square of 11.90 not significant at 5% level. 
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Appendix E-2. Toxicity of methyl parathion (0.026 pg/yl ) combined 
with 10% adjuvants in cottonseed oil when applied 
topically to house flies. 

Treatment 
Proportion 

Dead 95% C.I.3,4,5 

Standard Insecticide 0.26 0.17 - 0.36 

UA 101 ON
 

00
 

.57 - .78 a 

UA 102 .46 .35 - .57 ns 

UA 103 .44 .33 - .55 ns 

UA 104 .46 .35 - .57 ns 

UA 105 .31 .21 - .41 ns 

^1 yl per insect. 

2 48 hour mortality readings. 

^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=80 observations used in deriving confidence interval. 

"'chi-square of 33.80 significant at 1% level. 
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Appendix F. Toxicity of methomyl (0.05 pg/pl^) combined with adjuvants 
in acetone when applied topically to house flies.^ 

Proportion Q A Cl 
Treatment % Dead 95% C.I > J 

Standard Insecticide 0.34 0.23 - 0.44 

UA 101: 
1 .58 .47 - .68 b 
10 .98 .94 - 1.00 a 

UA 102: 
1 .54 .43 - .65 ns 
10 .93 .87 - .98 a 

UA 103: 
1 .61 .51 - .72 b 
10 .96 .92 - 1.00 a 

UA 104: 
1 .71 .61 - .81 b 
10 .96 .92 - 1.00 a 

UA 105: 
1 .61 .51 - .72 b 
10 .95 .90 - 1.00 a 

^1 yl per insect. 

2 
48 hour mortality readings. 

"^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=80 observations used in deriving confidence interval. 

^Chi-square of 207.28 significant at 1% level. 
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Appendix G. Toxicity of thiodicarb (4.0 yg/yl ) combined with 
adjuvants in acetone when applied topically to house 
flies.^ 

• 

Proportion 3 4 
Treatment % Dead 95% C. I. 

»-> 

Standard Insecticide 0.38 0.27 - 0.48 

UA 101: 
1 .98 .94 - 1.00 a 
10 .88 .80 - .95 ab 

UA 102: 
1 .49 .38 - .60 ns 

10 .83 .74 - .91 b 

UA 103: 
1 .38 .27 - .48 ns 

10 .90 .83 - .97 ab 

UA 104: 
1 .90 .83 - .97 ab 

10 .81 .73 - .90 b 

UA 105: 
1 .29 .19 - .39 ns 

10 .81 .73 - .90 b 

1 yl per insect. 

2 48 hour mortality readings. 

"^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

^n=80 observations used in deriving confidence interval. 

^Chi-square of 245.66 significant at 1% level 
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Appendix H. Toxicity of cypermethrin (0.004 pg/yl ) combined with 
adjuvants in acetone when applied topically to pink 
bollworms. 

Treatment % 
Proportion 

Dead 95% C I 3'4 
,5 

Standard Insecticide 0.53 0.42 - 0.63 

UA 101: 
1 .96 .92 - 1.00 a 
10 .74 .64 - .83 b 

UA 103: 
1 .61 .51 - .72 ns 
10 .46 .35 - .57 ns 

UA 105: 
1 .59 .48 - .70 ns 
10 .71 .61 - .81 ns 

^"1 yl per insect. 

2 
72 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically signifi
cant at the 5% level. 

n=80 observations used in deriving confidence interval. 

^Chi-square of 58.57 significant at 1% level. 
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Appendix I. Toxicity of methomyl (0.05 yg/yl^) combined with adjuv- ^ 
ants in acetone when applied topically to pink bollworms. 

Proportion 3 4 
Treatment % Dead 95% C. I. ' ' 9 -> 

Standard Insecticide 0.28 0.18 - 0.37 

UA 101: 
1 .74 .64 - .83 b 
10 .99 .96 - 1.00 a 

UA 103: 
1 .25 .16 - .34 ns 
10 .66 .56 - .77 b 

UA 105: 
1 .21 .12 - .30 ns 
10 .76 .67 - .86 b 

^"1 pi per insect. 

2 
72 hour mortality readings. 

"*95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically signif
icant at the 5% level. 

4 
n=80 observations used in deriving confidence interval, 

"'chi-square of 182.61 significant at 1% level. 
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Appendix J. Toxicity of perraethrin (0.01 pg/yl ) combined with 
adjuvants in acetone when applied topically to tobacco 
budworm larvae (3rd instars) . 

Treatment % Proportion Dead 95% C.I 
_ 3,4,5 

Standard Insecticide 0.62 0.50 - 0.74 

UA 101: 
1 .10 .02 - .18 a 
10 .07 .01 - .14 a 

UA 103: 
1 .20 .10 - .30 ab 
10 .05 .00 - .11 a 

UA 105: 
1 .30 .18 - .42 b 
10 .08 .01 - .15 a 

*1 yl per insect. 

2 72 hour mortality readings. 

3 95% C.I. (95% confidence interval). Figures followed by the same 
letter are not statistically significant at the 5% level. 

^n=60 observations used in deriving confidence interval. 

"'chi-square of 65.96 significant at 1% level. 
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Appendix K. Toxicity of cypermethrin (0.008 yg/yl ) combined with 
adjuvants in acetone when applied topically to tobacco 
budworm larvae (3rd instars)^. 

Treatment % Proportion Dead 95% C.I.3' 
4, 5 

Standard Insecticide 0.58 0.46 - 0 .71 

UA 101: 
1 .17 .07 - .27 b 
10 .05 .00 - .11 ab 

UA 103: 
1 .27 .16 - .38 b 
10 .03 .00 - .07 a 

UA 105: 
1 .28 .17 - .39 b 
10 .18 .08 - .28 b 

1 pi per insect. 

2 72 hour mortality readings. 

3 95% C.I. (95% confidence interval). Figures followed by the same 
letter are not statistically significant at the 5% level. 

4 n=60 observations used in deriving confidence interval, 

"'chi-square of 71.16 significant at 1% level. 



Appendix L. Toxicity of cypermethrin (0.08 yg/yl ) combined with 
adjuvants in acetone when applied topically to boll 
weevils.2,3,4 

Treatment % Proportion Dead 

Standard Insecticide 

UA 101: 
1 

10 

0 .20  

.25 

.40 

UA 103: 
1 

10 

UA 105: 
1 

10 

.20 

.25 

.15 

.20 

1 pi per insect. 

'96 hour mortality readings. 

n=40 observations used in study. 

Chi-square of 8.96 not significant at 5% level. 
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Appendix M-l. Contact toxicity of permethrin (0.004 yg/pl ) combined 

with adjuvants in acetone to house cricket nymphs 

(1st instars). 

Proportion _ , _ 
Treatment % Dead 95% C.I. ' ' 

Standard Insecticide 0.04 0.00-0.09 

UA 101: 
1 .50 .40 - .60 ab 
10 .42 .32 - .52 b 

UA 103: 
1 .28 .19 - .37 be 
10 .19 .11 - .27 c 

UA 105: 
1 .23 .15 - .32 c 
10 .67 .57 - .76 a 

"*"1.5 ml per treatment, 15 insects per treatment. 

2 24 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=90 observations used in deriving confidence interval. 

^Chi-square of 107.00 significant at 1% level. 
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Appendix M-2. Contact toxicity of permethrin (0.004 yg/pl1) combined 
with adjuvants in acetone to house cricket nymphs (1st 
instars). 

Proportion ^ U S 
Treatment % Dead 95% C 

Standard Insecticide 0.08 0.02 - 0.13 

UA 101: 
1 .78 .69 .86 a 
10 .73 .64 - .82 ab 

UA 103: 
1 .51 .41 - .61 b 
10 .58 .48 - .68 b 

UA 105: 
1 .41 .31 - .51 b 
10 .82 .74 - .90 a 

^"1.5 ml per treatment, 15 insects per treatment. 

2 
48 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=90 observations used in deriving confidence interval. 

^Chi-square of 147.34 significant at 1% level. 
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Appendix M-3. Contact toxicity of permethrin (0.004 yg/ul ) combined 

with adjuvants in acetone to house cricket nymphs (1st 
instars).2 

Proportion 3 4 5 
Treatment % Dead 95% C. I. 

J 9 H 9 J 

Standard Insecticide 0.29 0.20 - 0.38 

UA 101: 
.87 .80 - .94 ab 

10 .93 .88 - .98 a 

UA 103: 
1 .74 .65 - .83 b 
10 .84 .77 - .92 ab 

UA 105: 
1 .53 .43 - .64 c 
10 .93 .88 — .98 a 

1.5 ml per treatment, 15 insects per treatment. 

2 72 hour mortality readings. 

^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=90 observations used in deriving confidence interval. 

"'chi-square of 160.65 significant at 1% level. 
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Appendix N-l. Contact toxicity of permethrin (0.005 yg/y 1 ) combined 

with adjutants in acetone to house cricket nymphs (1st 
instars). 

Proportion 3 A S 
Treatment % Dead 95% C .1 

J » H 9 J 

Standard Insecticide 0.11 0.06 - 0.15 

UA 101: 
1 .69 .63 - .76 b 
10 .82 .77 - .88 a 

UA 103: 
1 .49 .42 - .56 c 
10 .33 .26 - .40 d 

UA 105: 
1 .58 .51 - . 66 be 
10 .66 .59 .73 b 

1.5 ml per treatment, 15 insects per treatment. 

2 
24 hour mortality readings. 

3 » 
95/£ C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=180 observations used in deriving confidence interval. 

^Chi-square of 254.85 significant at 1% level. 



Appendix N-2. Contact toxicity of permethrin (0.005 yg/yl ) combined 

with adjuvants in acetone to house cricket nymphs (1st 

instars) 

Treatment % 
Proportion 

Dead 95% C.I 
.3,4,5 

Standard Insecticide 0.46 0.38 - 0.53 

UA 101: 
1 
10 

.96 

.93 
.93 -
.90 -

.99 a 

.97 ab 

UA 103: 
1 
10 

.77 

.76 
.71 -
.69 -

.83 be 

.82 c 

UA 105: 
1 
10 

.70 

.87 
.63 -
.82 -

.77 c 

.92 b 

"*"1.5 ml per treatment, 15 insects per treatment. 

2 48 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

n=180observations used in deriving confidence interval. 

^Chi-square of 182.38 significant at 1% level. 
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Appendix N-3. Contact toxicity of permethrin (0.005 pg/pl ) combined 
with adjuvants in acetone to house cricket nymphs (1st 

instars).2 

Proportion , , _ 
Treatment % Dead 95% C.I. ' * 

Standard Insecticide 0.80 0.74 - 0.86 

UA 101: 
1 1.00 1.00 a 
10 .99 .97 - 1.00 a 

UA 103: 
1 .84 .79 - .90 ns 
10 .92 .88 - .96 b 

UA 105: 
1 .83 .77 - .88 ns 
10 .93 .90 - .97 b 

^"1.5 ml per treatment, 15 insects per treatment. 

2 
72 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=180 observations used in deriving confidence interval. 

^Chi-square of 77.19 significant at 1% level. 
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Appendix 0-1. Contact toxicity of cypermethrin (0.001 ug/wl ) 
combined with adjuvants in acetone to house cricket 
nymphs (1st instars). 

Proportion 
1 U S 

Treatment % Dead 95% C 

Standard Insecticide 0.03 0.01 - 0.06 

UA 101: 
1 .51 .44 - .58 a 
10 .57 .49 - .64 a 

UA 103: 
1 .36 .29 - .43 b 
10 .31 .24 - .37 b 

UA 105: 
1 .26 .20 - .33 b 
10 .47 .39 - .54 ab 

^1.5 insects per treatment, 15 insects per treatment. 

2 24 hour mortality readings. 

^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=180 observations used in deriving confidence interval. 

^Chi-square of 143.28 significant at 1% level. 
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Appendix 0-2. Contact toxicity of cypermethrin (0.001 vg/ul ) combined 
with adjuvants in acetone to house cricket nymphs (1st 
instars).^ 

Proportion 3 4 5 
Treatment % Dead 95% C.I. 

Standard Insecticide 0.14 0.09 - 0.19 

UA 101: 
1 .85 .80 - .90 a 

10 .81 .75 - .86 ab 

UA 103: 
1 .71 .64 - .77 be 
10 .62 .55 - .69 c 

UA 105: 
1 .48 .40 - .55 d 
10 .69 .62 - .76 be 

"^"1.5 ml per treatment, 15 insects per treatment. 

2 
48 hour mortality readings. 

^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 n=180 observations used in deriving confidence interval. 

^Chi-square of 265.77 significant at 1% level. 
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Appendix 0-3. Contact toxicity of cypermethrin (0.001 yg/yl ) combined 

with adjutants in acetone to house cricket nymphs (1st 

instars). 

Treatment % 
Proportion 

Dead 95% C.I.3,4'5 

Standard Insecticide 0.48 0.41- 0.56 

UA 101: 
1 .98 .96 - 1.00 a 
10 .93 .89 - .97 ab 

UA 103: 
1 .85 .80 - .90 b 
10 .86 .80 - .91 b 

UA 105: 
1 .59 .52 - .66 ns 
10 .79 .74 - .85 b 

^"1.5 ml per treatment, 15 insects per treatment. 

72 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=180 observations used in deriving confidence interval. 

^Chi-square of 207.62 significant at 1% level. 
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Appendix P-l. Contact toxicity of cypermethrin (0.004 pg/yl ) combined 

with adjuvants in acetone to house cricket nymphs (1st 
instars).2 

Proportion 4 t; 
Treatment % Dead 95% C. IL ' 9 J 

Standard Insecticide 0.23 0.13 - 0.34 

UA 101: 
1 .88 .80 - .96 a 
10 .67 .55 - .79 b 

UA 103: 
1 .68 .57 - .80 b 
10 .58 .46 - .71 b 

UA 105: 
1 .70 .58 - .82 ab 
10 .73 .62 - .85 ab 

^"1.5 ml per treatments, 15 insects per treatment. 

2 24 hour mortality readings. 

3 
95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

n=60 observations used in deriving confidence interval. 

^Chi-square of 63.24 significant at 1% level. 
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Appendix P-2. Contact toxicity of cypermethrin (0.004 Mg/pl ) combined 

with adjuvants in acetone to house cricket nymphs (1st 
instars).2 

Proportion 1 u s 
Treatment % Dead 95% C. I 

J , J 

Standard Insecticide 0.78 0.68 - 0.89 

UA 101: 
1 .98 .95 - 1.00 , 
10 .97 .92 - 1.00 

UA 103: 
1 .90 .82 - .98 i 
10 .88 .80 - .96 i 

UA 105: 
1 .88 .80 - .96 i 
10 .87 .78 — .95 i 

^1.5 ml per treatment, 15 insects per treatment. 

2 
48 hour mortality readings. 

"^95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

4 
n=60 observations used in deriving confidence interval. 

^Chi-square of 16.94 significant at 1% level. 
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Appendix P-3. Contact toxicity of cypermethrin (0.004 yg/yl ) combined 

with adjuvants in acetone to house cricket nymphs (1st 
instars).2,3,4 

Treatment % Proportion Dead 

Standard Insecticide 

UA 101: 
1 

10 

0.95 

1.00 
.97 

UA 103: 
1 

10 
.98 
.97 

UA 105: 
1 

10 
.97 
.97 

1.5 ml per treatment, 15 insects per treatment. 

'72 hour mortality readings. 

n=60 observations used in study. 

4 
Chi-square of 3.26 not significant at 5% level. 
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Appendix Q. Contact toxicity of methomyl (0.05 ng/vil"'') combined with 
adjuvants in acetone to termite pseudergates.^ 

Proportion 4 5 A 
Treatment % Dead 95% C. I. 9 ° 

Standard Insecticide 0.25 0.06 - 0.44 

UA 101: 
1 .35 .14 - .56 X1S 
10 .95 .85 - 1.00 a 

UA 103: 
1 .25 .06 - .44 ns 
10 .95 .85 - 1.00 a 

UA 105: 
1 .20 .02 - .38 ns 
10 .35 .14 - .56 ris 

^"1.5 insects per treatment, 15 insects per treatment. 

2 72 hour mortality readings. 

3 
Mid-developmental stages (probably 5-8th instar). 

L 

95% C.I. (95% confidence interval). 
Figures followed by the same letter are not statistically significant 
at the 5% level. 

^n=20 observations used in deriving confidence interval. 

^Chi-square of 52.92 significant at 1% level. 
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