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ABSTRACT 

A study of resistance to acaricides in a number of popula­

tions of the tvJo-spotted spider mite, Tetranychus urticae, in New 

Zealand had been carried out. Natural genetic and cytoplasmic 

incompatibilities between populations were also investigated with 

a view to possible biological control of the pest. Facets of acari­

cide resistance that were studied included multi-resistance, cross­

resistance, negatively correlated resistance and the inheritance of 

resistance. Chemicals used included an orga nophosphate representa­

tive (parathion-methyl), a carbamate (formetanate), an ungrouped 

compound (tricyclohexyltin hydroxide) and an organochlorine (dicofol). 

Cross-resistance was demonstrated between parathion-methyl and 

formetanate in five populations obtained from widely separate areas 

of New Zealand. The resistance to parathion of three strains was 

found to be inherited as a single dominant character and tran­

smissible by both sexes. Cytoplasmic factors(or nucleo-cytoplasmic 

interactions) and minor genes were found to contribute slightly ~o the 

expression of total resistance~ No resistance to tricyclohexyltin 

hydroxide (Plictran) and dicofol (Kelthane) was detected. 

High degrees of incompatibility (haploid egg lethality) were 

observed in the hybrids of crosses between the various populations. 

Chromosomal rearrangements in balanced heterozygous conditions, 

in conjunction with the cytoplasm, were considered to be important 

factors determining the interpopulational sterilities. The interp­

opulational incompatibility phenomenon was found to be multi­

factorial and not associated with the resistance factor. The egg 
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mortalities of some backcross series which remained constantly high 

in spite of several crossings, implicated that the intrcxiuction of 

normal males to a resistant mite population in an enclosed area (e.g. 

in a glasshouse) might be a worthwhile proposition in the integrated 

control of spider mites. Backcross hybrids, on allowing to multiply 

randomly, were capable of forming new gene combinations, leading 

consequently to the formation of new strains which were gcneti" 

cally different from the original parents used in the backcross 

series. 
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aIAPTER 1 

INTRODUCTION 

1 Can insects become resistant to sprays?. That now historical 

question was asked by Melander (1914) in 1914. Following the intro­

duction of DDT in the early 1940s , the answer was clearly, yes, and 

the problem of resistance has had a profound influence ever since on 

the orientation of entomological research, Such influence is obvious 

since the development of resistant populations of insects will 

threaten man1 s hopes for improvement of his health standards and 

protection of his food reserves. While only 8 insect species were 

known to have developed resistance prior to 1940 (Brown, 196la),the 

number of resistant strains began a sharp upward trend soon after 

the introduction and use of DDT and other synthetic organic insect~ 

icides. The history of insecticide resistance since then virtually 

parallels the history of insecticide dev elopment. Up to 1967, resist­

ance had developed in 224 species of insects and acarines. Of these 

97 are of public health or veterinary importance and 127 attack 

field or forest crops or stored products (Brown, 1972). 

In similar vein, the control of spider mites (Acarina: Tetra­

nychidae) did not constitute a problem until about two decades ago 

when resistance to agricultural insecticides became widespread. 

The first case of resistance in mites probably occurred in 

1937, when Compton and Kearns (1937) found inadequate control by 

Selocide sprays of a two-spotted spider mite population. Selocide 

resistance was a prelude to the unlimited resistance development 

which set in after the war, following the use of synthetic insecti­

cides. In many situations, the Tetranychids were promoted frcrn the 
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role of a minor pest to that of a major one as a result of the use of 

DDT (Helle, 1965a). 

An extraordinary genetic potential to adapt to various 

environments, plus subjection to the high selection pressure encount­

ered in the commercia l growing areas , a re factors that make the freq­

uency of the re sistance phe nomenon high in the family Tetranychidae. 

For these very r eas ons, the two-spotted spider mite, Tetranychus 

urticae, has recently been the most difficult to cmtrol among all 

the pests that confront horticulturists and agriculturi sts (Naegele 

and Jefferson, 1964). In spite of control measures, many orchardists 

and ornamentalists suffer economic loss due to defoliation, reduced 

tree vigour, poor fruit colour, or small fruit brought on as a result 

of mite feeding. The major problem in the chemica,l control of spider 

mites throughout the world is the continued development of stra ins 

resistant to the common chemical compounds. Each year, the problem 

becomes more severe with the number of non-effective types ever 

increas ing, especially the organophosphorus comp olillds. 

The r es i stance of insects of medical interest, such as 

Anopheles,~ and~, had been extensiv ely studied for many 

years (Brown, 1960). Research on the resistance of agricultural pests 

had been done but on a smaller scale. As the chemical control of 

spider mites threatens to develop into a neck and neck race between 

the chemical industry a nd the resista nce response of the mites, the 

desirability of an exhaustive investigation into the biological back­

ground of the organism, and the physiological and genetical base of 

the resistance become evident. 

Genetic principles and methodology have been invaluable both 

from the point of view of understanding the development, spread and 

regression of resistance , and in providing pure strains for funda-
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1nentaJ. investigations on the interrelationships of genes, enzymes and 

toxicological response s to in::,scticidGs . From the practical stand­

point, knowledge of the genetii:! j_denti ty of phenotypes ha s ma de 

possible the detection of gems for resistance in field strains prior 

to the use of insecticides or clLi.rinJ the c ou~·Ge of control operations, 

thus indica ting the advisabili ty of change to another insecticide . 

Aciditiom lly , infm:mation from hybridization, indicating r eproductive 

ba:::-riers or genetic isola tion; obtained during the c ot: rse of studies 

on the genetics of resistan~e , has gener a t ed considerable interest in 

the f easibility of genetic c ontrol of insect populations . 

With the various problems i n mind, the aims of the present 

research a.re! 

1) to determine the distribution of a.caricide resistance 

am ong the two-spctted S1Jider mite populations in certain 

selected a r eas of New Zealand. 

2) to detGrnine the ef fec tiv eness of particu..1-ar groups of 

a caricide s uncle:;_· laborato:ry concl i tions. 

3) to study cross-resistance, multiple-resistance and 

negatively-correlated r e s istance patterns in the resis­

tant popuJ.a tions chosen . 

4) to stuc~y the me chanism of inheritance of the resistances 

in these popu..l..at::..or.so 

5) to study the patterns of genetic ar..d cytoplasmic incomp­

a tibility that occtTS among th9 chosen populations of 

spj d e~: mit eso 
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ClIAPTER 2 

REVIEW OF THE LITERATURE 

2.1 INTRODUJTION 

The survey of the literature is intended to consist of four 

portions. The first part, ~hich consists of a summary of general 

concepts regarding resistance in insects as a whole, provides a 

better understanding of the second part, which deals with the specific 

problem of resistance in spider mites. The third part of the litera­

ture reviev1 attempts to gather available information regarding incom­

pa.t:lliility, sex-ratio and sex determiration of !.urticae. The last 

section deals with the current genetical concepts in insect control 

in general and their possible application in control of wo-spotted 

spider mites. 

2 .2 DEFINITIONS 

Throughout the thesis, there are several terms which are 

repeatedly used and it is essential to define them. Some ten11s, such 

as "incompatibility", "sterility", "incompat:llile genes", "sex-ratio11
, 

"chromosomal races", "strain hybrids", etc. are counted as being self­

explana.tory, but on the other hand there are terms like "resistance" 

am II tolerance" which are confusing and have in the past been mis­

interpreted and misused. Thus, the latter terms are defined in de­

tail 

Tolerance 

a) Natural tolerance All living organisms can carry 
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on their life processes with little or no impairment resulting from 

the presence of a chemical up to some level of concentration. Obvio­

usly, this concentration depends upon the species, the chemical, the 

method of exposure and the criterion of effect. If these factors were 

to remain constant, the level will give an indication of the measure­

ment of natural resistance or tolerance (Hoskins and Gordon, 1956). 

When a measurement of tolerance is used, it is usually necessary to 

specify information such as the stage of the life cycle, age within 

a stage, sex and sometimes race or strain. Although tolerance can 

be specified only within a range which may be rather wide, it 

provides a basic measure of the ability of a population to with­

stand a toxicant and which can be used for comparative purposes. 

A number of factors such as the permeability of the integu­

ment (a function of its anatcrnical structure and thickness), ease of 

absorption from the digestive tract, patterns of behaviour which 

affect the degree of contact with a toxicant, and biochemical 

reactions into which absorbed toxicants enter, affect tolerance. 

The tolerance of various species may differ greatly but 

representatives of a species living under natural conditions in 

different regions do not vary as a rule. There are some exceptions 

however; for example, citrus thrips, Scirtothrips aurantii, from 

di.f'ferent regions of S.Africa differs markedly in tolerance to 

tartaremetic (Smith, 1946). 

b) Vigour tolerance Hoskins and Gordon (1956) 

refers this as the added ability to withstand a toxicant which 

appears to stern from improved nutrition, extra weight, or any other 

factor associated with what may be called extra vigour. A strain 

developed by breeding only from those individuals which survive 
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exposure to such diverse stresses as extremes of temperature, lack 

of moisture, abn0rmal food, or an injurious chemical will have an 

altered ability to withstand many kinds of stresses including expo­

sure to chemicals. This change from the normal tolerance may either 

augment or decrease the normal tolerance. To illustrate this, two 

examples can be cited in which the specific properties contributing 

to vigour tolerance have been identified. The increased arsenic 

tolerance of codling moth is correlated with their larger size and 

greater resistance to desiccation, which enables them to survive 

longer and reach safety beside an untreated point of entry (Ascher 

and Bergmann, 1962). A pyrethrum resistant strain of granary weevil, 

Sitophilus grans.rius, (52x), was found als o to be more tolerant to 

environmental stresses, such as starvation (2x), heat (l.2x), cold 

(1.lx) and desiccation (l.8x, l.7x)(Lloyd and Parkin, 1963). 

Resistance 

The World Health Organisation defines resistance as "the 

development of an ability in a strain of insects to tolerate doses 

of toxicants which would prove lethal to the majority of individuals 

in a normal population of the same species" (WHO Tech. Rept. Ser ., 

1957). 

Precise laboratory methods of bioa.ssay of response of insects 

to chemicals are now available for the quantitative evaluation of 

changes in the susceptibility of populations, but the phenotypic 

responses of populations is influenced by variation caused by such 

factors as dosage and intrinsic toxicity of the chemical, type and 

volume of solvent used per insect, length of exposure and temperature. 

A change in any of these factors can alter the quantitative estima­

tions of the degree of apparent resistance. The elucidation of the 
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physiological and biochemica l mechanisms involved in the phenomenon 

of resistance by using strains genetically pure for the mechanisms 

have placed the phenomenon of r es istance in proper perspective. 

Although phenotypic results are good ev idence of the existence of 

resistance, the phenomenon is most convirroingly evident when the 

specific mechanisms r esponsible f or the observed resistance are 

traced (Georghiou, 1965). 

2 .3 ORIGIN OF RESISTANCE 

Since resistance generally arises following the exposure of 

a population to a toxicant, it is recognised that resistance is a n 

example of evolutionary change ( Grow, 1957). In the past there had 

been a great deal of controversy as to whether r esistance is post­

adaptive (change to resistance is physiological and does not depend 

on the genetic constitution, or if the change is genetic, it is 

induced directly by the poison) or preadaptive (genetic differences 

already are present in the population and the poison acts as a 

selective agent favouring the resistant genotypes) in origin. 

Considerable evidences seem to show that the postadaptive 

explanation is very unlikely, as illustrated by the following 

examples: Drosophila larvae exposed to sublethal doses of DDT for 50 

generations develop no increase in tolerance level (Crow, 1957; 

Brown, 1958); sublethal treatments of houseflies with DDT lead to 

a decrease in tolerance (Hadaway, 1956); a strain of Aedes aegypti 

under sublethal doses of DDT produce an insignificant two-fold 

increase in LD50 level after 3 generations (Brown, 1961b). These 

experiments lead to the conclusion that a physiological immunity can-
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not be acquired during the life time of an insect. Futhermore, tests 

with DDT on Drosophila seem to indicate tha t it does not induce 

mutations conferring immunity or resistance, nor does it increase the 

normal mutation rate (Crow, 1957). 

On the other hand, the evidence for the pre-adaptive nature 

of resistance is considerable. If sublethal doses do not produce 

resistance and lethal doses do, then this must suggest that the 

insecticide is acting solely as a selective agent . That resistant 

mutants are already present and available for selection has already 

been demonstrated. Populations of sane African strains of the 

Anopheles mosquito in the absence of Dieldrin treatment contains 

0.04% to 12% of individuals heterozygous for the Dieldrin-resistance 

gene (Crow, 1957; Brown, 1958). In unsprayed villages of Taiwan 

(Brown, 1958), 1 in 200 bedbugs ( Cimex hemipterus) are resista nt to 

DDT. In the selection for resistant Drosophila within inbred lines, 

there is no indication of appreciable change in resistance (Merrell 

and Underhill, 1956). These experiments offer strong support for 

preadaptation, since there is no reason to think that direct effects 

of the insecticide will be any less effective in isogenic than in 

heterogeneous strains. Further, this shows that selection must act 

mainly on the supply of genetic variants already in the population 

at the time the selection programme begins, not on mutations that 

occur during the process of selection. To support this, it can be 

shown that there is considerable natural variation in resistance in 

different Drosophila cultures not previously exposed to insecticides 

(Beard, 1952). 

Such cases as these, while perhaps constituting instances 

of balanced polymorphism in which the resistance factor is advanta-
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geous to the insect, may be out of the ordinary, but they do serve 

to show that the resista nce gene can be present at lower or higher 

frequencies, so permitting the progressive development of resistance 

by selection. It seems safe to assume, therefore, that the sole 

effect of the insecticide is as a selective agent, although the 

postadaptive concept should not be completely rejected, as the 

effects, especi~lly mutagenic effects, of other compounds besides 

DDT had not been studied. Recent studies have shown that DDE, a 

metabolic product of DDT, is capable of inducing mutations in a 

Ghinese Hamster cell line (Kelly-Garvert and Lega tor, 1973). In a 

mammalian cell line, DDT and DDE havo been shown to produce chromo­

some aberrations (Palmer et al ., 1972). 

So far, the resistance factors have been regarded as pre­

existing as part of the genetic variability of the species. To view 

the situation in another way, it ca n be asswned that resistance 

factors may also arise as new mutations shortly before or during the 

selective process . Assuming that a mutation occurs in the germ line 

of a normal individual, this occurrence "'1ill not confer any immediate 

advantage on the organism. Only individuals of the succeeding gen­

erations which carry the mut1tion in the somatic as well as the germ 

line are potentially capable of benefiting . The chance of passing 

the mutation through to the succeeding generation depends on the 

probability of the susceptible parent which carries the mutation 

being killed (Milani, 1958a). The mutation tha t has been passed to 

succeeding generations has to be non-deleterious to the organisms. If 

the mutation is harmful as most spontaneously occurring mutations 

are (Auerbach, 1956), the situation will be akin to the opposite of 

balanced polymorphism, under normal condition (no insecticide). This 

situation has often been shown to be the case; that is, the resistance 
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(Maelzer and Kirk, 1953; Dittrich, 1961). 
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In summary, two conditions must be fulfilled before resist­

ance to insecticides can develop. Firstly, r esistant mutants must 

occur in the original populations. Secondly, the insecticide must 

a ct as a powerful selective agent f av ouring these mutants. The net 

effect is the concentration of resistant mutants that are present in 

law frequencies in the original population. 

2 .4 DEVELOPMENT OF RES ISTANCE 

Pattern of resistance development 

Dat a from both laboratory and field studies on the develop­

ment of resistance seem to indicate a common pattern of geometric or 

exponential response . By using the tolerance values of LD50 there 

appears to be an initia l period of slow response extending over a 

few or ma.ny generations of selections, which is followed by a rapidly 

accelerating period of response often occurring within one or two 

generations (Crow, 1957; Milani, 1958; Brown, 1958; Unsterstenhofer, 

1960). This latter period generally carries the resistance level to 

a maximum or limit characteristic of the insecticide and the popula­

tions (Hoskins and Gordon, 1956). 

Various authors explain the geometric or exponential response 

in different ways and the two most popular interpretations are that 

of a kinetic or mathematical relationship between gene frequencies 

and selection (Hoskins and Gordon, 1956; Crow, 1957), and that of 

gradual perfection (Milani, 1958). 



11 

2.4 .2 Factors affecting the development of resistance 

The rate of resistance development by selection depends on 

the amount of heritable variance in the population and the intensity 

of selection. 

a ) Amow1t of heritable variance With other factors 

constant, the bigger the populations, the gr eater will be the amount 

of heritable variance . In the spider mi tc~s, many generations are 

produced during each season and very high populations can devGlop 

r apidly in midsummer . If coupled with high selection pressure, popul­

ations with high acaricidal resistance ca n develop. On the other 

hand, in small populat ions, there is obviously a lack of genetic 

variability and the resistance gene may not be present or may be lost 

due to chance (Crow, 1957). As an illustr a tion of this point, the 

experiments done by King (1954; 1955) serve the purpose . He found 

that more r apid development of DDT resistance in Drosophila with 

5@ mortality trea tment than the one which gives 95% mortality . Crow 

(1957) explained that the higher mort~lity appears to leave behind 

very few survivors and as a consequence the population loses much of 

its genetic variability . In general , rapidity of progress will incr­

ease with intensity of selection, but only if the number of survivors 

is large enough to maintain the genetic variability . 

Further evidence that the amount of heritable variance is a n 

important factor in the development of resistance come from ,the obser­

vation that certain 1. •. urticae strains in the fields and glasshouses 

are not capable of developing resistance to Pentac selection 

(McEnroe and Lakocy, 1969). Probably the low heritable variance in 

these two situations is due to the law population density maintained 

by Pentac, leading to a high degree of inbreeding (McEnroe and Lakocy, 
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1969). However they do possess the ability to develop r es istance if 

they outcross repeatedly with stra ins from el sewhere, a process 

which leads to the formation of ba l anced linkage combinations 

(Thoday et al., 1964), a pre-requisite to the r el ease of variability 

for the response to selection. Outcrossing between populations serves 

to release cryptic variability held in balanced combinations by ind­

ucing crossing-over between homologous chromosomes (:t,lather, 1943). 

This type of r adical ch3.nge gives rise to an A. Ccelera ted r esponse. 

Acc ording to McEnroe and Harrison (1968), linked polygenic complexes 

probably play a more important role than free genetic diversity in 

response to selection as r egard arrhenotokous species, which are 

commonly inbred. The ma ting behaviour of the arrhenotokous ]:.urticae, 

provides a built-in system for selection of inbred populations 

follc:Med by periods of outcrossing . Under low population density this 

mite forms highly inbred populations. When the population pressure 

rises, the mites enter a migration phase and outcros sing can occur 

( McEnroe , 1969) • 

b) Selection pressure Generally , the greater the 

proportion killed each generation, the more r a.pid t he increase in 

resistance. This statement is based on the as slliilption that there is 

a dequate heritable varia nce in the surviving population; otherwise 

it would contradict Crow's explanation on King's experiment mentioned 

above (Crow, 1957; King, 1954, 1955). 

Selection pressure can be adjusted by repea ting applications, 

altering the concentra tion of toxicant a nd varying the period of 

toxicological exposure. With the genetic constitution remaining con­

stant, the following generalizations regarding selection apply (Wats­

on and Naegele, 1960): 
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a) Resistance develops more r apidly under high pressure. 

b) Under regular periodic selection the same level of 

r esistance is reached in time r egardless of select-

ion pressure. 

c) Low selection pressure appears to produce more homo­

geneity than high sel ection pressure. 

d) Highor l evels of r esistance can be demonstrated after 

one severe selection. 

The quantitative r elation between selective intensity and 

rate of progress do not follow any fast rules . The relationship is 

complex and depends on the number of genes involved, dominance and 

epistasis, amount of environmental effect, counteractir~ effects of 

natural selection, etc •• It is generally recognized that the fewer 

the factors involved, the more quickly they will become widespread 

through the population and the faster resistance will dev elop (Hosk­

ins and Gordon, 1956). If selection intensity is assumed to be high, 

such that susceptible phenotypes are effectively inviable or sterile, 

then theoretically the r ate of change for a recessive resistance 

gene (r) should be greater (approaching 1 - q per generation, since 

susceptible homozygotes (RR) and heterozygotes (Rr) will be elimina­

ted) than the rate of change for a dominant resist-'lnce gene (R) (ap­

proximating - q2/l+q per generation. q = frequency of the recessive 

gene in each case)(Mettler and Gregg, 1969). Most factors for resis­

tance exist in the original population a t very low frequencies and 

in the case of a dominant gene, the increase will follow an acceler­

ating rate of increase as q changes from a high value to a moderate 
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value. In addition to an accelerating rate of increase in resistance 

there should also on this model be an increased variance in resist­

ance (Crow, 1952). If the resistant factor becomes more common than 

its allele, the variance and the rate of change will begin to decre­

ase, but this is likely to happen only if r es istance depends on one, 

or at most a very f ew genes. 

Where an advantage is conferred 0n the organism, resistance 

will develop at a much greater r ate than wher e the gene is harmful 

to its host, generally because it is present initia lly at a high 

frequency. 

2.5 STABILITY OF RESISTANCE 

Once a r esistant population is developed, there is no hard 

and fast rule as to whether or not a r es istant strain will revert to 

normal and to how f as t it will revert. In order to understand the 

concept of r eversion or stability of resistance, it is necessary to 

view the words of Lerner (1954) who said, 11 a ttempts to shift pop­

ulations too r apidly and too far from adapted mean values for speci­

fic traits, either by artificial selection or by changes in the 

breeding system, are counteracted by natural selection which is 

directed towards the maintainance of a phenotypic balance between 

fitness-determining characters". 

Since the genes ca using insecticide resistance were at a low 

frequency in the population before insecticidal selection, it can be 

viewed that they are to some extent disadvantageous or otherwise they 

would be common. Therefore, the selection for resistance involves 

the replacement of the original genes with resistance factors that are 

theoretically deleterious·as fa~ as survival is.conc~rned (exc~pting 
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the aspect of insecticide resistance). When the resistant population 

is not being exposed to an insecticide , it c~n be expected that 

reversion to susceptibility will take place; slowly if the resistance 

factors are only mildly disadvantageous . 

The above theoretical case does not in practice apply to all 

insect populations. Fegress ion to susceptibility when selection for 

resist~nce is relaxed is often observed (Pigmentel ~ al., 1951; 

1953; Varzandeh ,tl al., 1954) though sometimes not (Cr<JW, 1954; 

Lichtwardt et al., 1955; Lindgren and Dickson, 1945; Dittrich, 1961; 

Saba, 1961). Thus it can be expected that when selection for r esist­

ance is accompanied by a great deal of natural selection for general 

fitness, the only kind of r esistance f~ctors that would become freq­

uent in the populat ion would be those that cause very little r educt­

ion in fitness. Str a ins developed in this way would return to suscep­

tibility very slowly in the absence of insecticide. On the other 

hand, intense selection for resistance under conditions where there 

is little natural competition (eg . selection in uncrowded laboratory 

cultures) may result in high r esistance , but individuals a r e poorly 

adapted for survival. These would revert to susceptibility much more 

rapidly. 

The fact tha t resistance factors are selected after insect­

icidal treatment points out clearly that they are not highly detri­

mental even though there may be an appreciable loss of viability and 

fertility. Based on this thinking, it can be assumed that reversion 

to susceptibility should be slow and a short period of insecticide 

absence is unlikely to lead to a susceptible population. Furthermore, 

if the popula tion does return to susceptibility it may require a 

long time for the genes to be carried below a certain frequency, just 

as it often takes a long time to accomplish the early part of the 
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increase in r esistance . This is because selection in either direct­

ion is slow when the gene is rare . Therefore, a susceptible populat­

ion that has once been resistant is likely to increase rapidly in 

resistance when the insecticide is again applied . This has frequently 

occurred in laboratories where a population that had lost some resis­

t ance was built up to its former level by a single generation of 

selection. Such a gene will be neutral or at most very slightly dele­

terious. Whether reversion occurs in s uch a case will depend more on 

other fea tures. In the field, it is highly irnproooble that r esistance 

will ma intain itself in any instance, since the influenc es of migrQ­

tion a nd the natural enviroTh~ent are considerable. In the laboratory, 

a r ecessive char~cter in hom ozygous condition, provided it is neutral, 

should show no tendency to revert. For a domir..a.nt gene on the other 

hand, unless the insecticide discriminates between homozygous a nd 

heterozygous r esistant forms, in which case hornozygosity can be att­

ained , selection will stop to all intents and purposes when the freq­

uency of its recessive allele has become low enough that homozygous 

s usceptibles are unlikely to appear (Milani, 1958b). Thus, r ever sion 

is lilcely to occur, although very slowly a t first. With a population 

of Drosophila , however, Crow (1957 ) has found that in spite of heter­

ozygosity for resisfonce factors, r eversion did not occur in three 

years after release f rom selection pressure. He concludes in this 

case t hat the neutrality of the factors i s sufficient to mainta i n 

resistance . 

Severe selection can bring about rev ersion. Helle (1962) 

found that a highly organophosphorus re si stant population of I.urticae, 

which showed no signs of reverting av er 11 years in the absence of 

insecticidal treatment shc,wed a considerable decline in vitality 

after being severely selected to produce a "super:....resistant" strain. 
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Other cases of severe selection with similar results are also noted 

by various authors (Crow, 1957; Hoskins and Gordon, 1956). Grow• s 

results (1957) seem to indicate that more r apid reversion occurs than 

would take place under l ess severe selection, because the selection 

is taking place under circumstances wher e there is little natural 

competition ( uncrowded labora tories), so producing highly re sistant 

but very poor and weak specimens . 

The r esi s t ~nce gene can be of a dvantage to its host as in 

the Dieldrin-resistance gene in mosquito (Brown, 1958; 1961). The 

linking of the r esistance factor with some vital function is a n 

event which is only likely to happen after a long time of continous 

selection, but its occurrence can be of great practical consequences. 

It means tha t, even if the resistant individuals can outbreed through 

migra tion with normal individuals, the genes will be present in their 

favoured linkage in a large number of individuals (Hoskins and Gordon, 

1956). Upon the r esumption of selection, the refore , resistance will 

develop extremely rapidly ( Crow, 1957; Brown, 1958b). This will hold 

to a slightly lesser degree only where no advantage is conferred. 

Since the sorting out and perfecting of the gene has taken place in 

the first period of selection, then the resistance of a population 

\.Jhich has r everted will be restored very r apidly in response to a 

second period of selection (Milani, 1958b; Hoskins and Gordon, 1956; 

Unterstenhofer, 1961; Keiding, 1963) . 

In summary, it appears that although the factors which oper­

a te in the laboratory to produce reversion may be quite different 

from those which operate in the field (Keiding, 1963), a knowledge of 

the extent and manner in which reversion is likely to occur is of 

fundamental importance from the point of practical control (Unter­

stenhofer, 1960) . 
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2.6 THE DOSAGE MORTALITY LINE: INTERPRETATION AND USES 

Probably owing to the differences in the physiological and 

biochemical processes of •Jach individual in a species, the reaction 

to poison by members of a species will v&ry. Even in a group selected 

for uniformity in size, age , rearing, ancestry and other similar 

basis of classification, r esponse to toxicants still vary from indi­

vidual to individual. 

When the p~rcent mortalities of a homogeneous insect popula­

tion are continously plotted on a graph paper against varying log 

doses, the resulting line is tha t of a sigmoid curve. With a hetero­

geneous population, the resulting curve is not sigmoid but one which 

is analogous to a curve derived from several homogeneous sub-popula­

tions with different r esista nce levels (Tsukamoto, 1963) • 

An estimate of the LD50 from such a procedure is inadequate 

for wo reasons: first, the determination of LD50 is only approximate 

because the interpolation along a curve is uncertain. Second , inform-

ation conveyed by the spread of the dosage-mort~lity relation is 

neglected. 

The tra nsformation of co-ordinates to dosage in logarithms 

and to percentage mortality in standard deviations or probits derived 

from them, produces a straight line (called ld-p curve or DM-line) in 

a homogeneous population. In a very heterogeneous population, the 

resulting curve may not be a straight line. However, in a ma jority of 

cases, the log dosage-probit data determine a straight line over the 

central region. This provides a more accurate determination of LD50, 

which is an index of the mean tolerance or the mean resistance of the 

group tested. The same curve gives a fairer estimation of the slope 

which measures the diversity of response or the heterogeneity of the 
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group toward the toxicant used (Hoskins and Gordon, 1956) . The slope 

of the DM-line can be regarded as reflecting a pcpul~tion's reaction 

to various "internal f actors" (eg . the nwnber of factors or mechanisms 

conferring tolerance or r es istance to the insecticide). External 

f a ctors (eg. test method, chemical used, ago and sex differ ences , 

etc . ) theoretically should not, but i~ practice influence the slope 

of the line (Ballantyne , 1966) . However, t he s lope is mainly depend­

ent upon internal f actors . 

The LD50 of the DM-line provides information on, 1) the 

tolerance of the population if the organisms have not been exposed 

to .9.ny insecticides (Hoskins and Gordon, 1956) and 2) the measure­

ment of the resistance tha t h~s been developed (Hoskins and Gordon, 

1956). 

However, the LD50 gives little indication of whP.. t may be 

expected . The slope value , on the contrary, provides some inforna­

tion on the future development of the population . 

a) steep- slope A steep slope indica t e s a 

highly homogene ous population . A slope of this kind also indicates 

tha t selection for r esistant ones is difficult because the narrow 

r ~nge reflects smaller var iability . Even if the possibility of 

selecting a few very resistant ones (maximum r esistance) exists , the 

resulting population will be low in fertility a nd viability; conseq­

uently the popula tion may die off . The ra.rrow range also indicates 

that only one or a few factors a r e probably responsible for resis­

tance (Hoskins and Gordon, 1956; Brown, 1959; Tsukamoto, 1963). 

b) low-slope A low slope indicates a wide 

r ange of susceptibility and that there are a l ar ge nwnber of factors 

affecting the tolerance of a population to a chemical (Hoskins and 

Gordon, 1956; Brown, 1959; Tsukamoto, 1963). 
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The steepness of the slope may indicate to some extent the 

concentration of toxicant to be used in practical field control. For a 

population which gives a steep slope, an underestimation will lead 

to most of the population surviving. On the other hand, an effective 

dosage will lead to very few survivors which can contribute little 

to the next generation because of law fertility and natural ingress 

from untreated areas. With populations showing a small slope, the 

most casual use of a toxicant will select out a range of the more 

resistant individuals (Hoskins and Gordon, 1956). 

2.6.1 Effect of selection on changes in the DM-line 

Changes in slope that occur during the development of resis­

tance are in keeping with the geometric or accelerating period of 

increase. As the resistance character becomes more common, the DM­

line slope flattens, indicating that the variance in resistance is 

beccming greater and the population more heterogeneous as a conseq­

uence of the resistance gene (or genes) segregating (Brown, 1958; 

1959). When half the population contains the resistance factor (i.e. 

maximum rate of resistance development), the slope of the DM-line is 

at its lowest or flattest level and the variance of resistance at its 

greatest. As the frequency of the resistance character increases 

further, the variance begins to dec~ease and the DM-line becomes 

steeper again. A decrease in heterogeneity may not occur in all cases, 

depending upon a number of possible causes, including the number of 

genes involved (Craw, 1957) and the nature or associations of the 

resistance genes (Hoskins and Gordon, 1956). The DM-line will not 

steepen if the resistance genes are associated with secondary harm­

ful effects and a state of heterogeneity is maintained as a result 
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of a balance being reached between the benefits that the resistance 

genes provide in their protective role and the vitality depressing 

effects they confer . This situ...~tion is most likely to occur when 

there are multiple genes for resistance (Hoskins a nd Gordon, 1956; 

Crow, 1957). Even if a single gene is the cause for the resistance 

phenomenon, heterogeneity may not decrease with further selection if 

secondary harmful effects are present (Hoskins and Gordon, 1956). 

For a neutral gene, heterogeneity should decrease with continuing 

selection resulting in a resistant population characterized by a 

steep DM-line, thus signifying the resistance gene to be in homozy­

gous combination. 

2.6.2 Limitations on use of dosage-mortality da~~ 

The interpretation of the DM-lines and their slopes is sub­

ject to several limitations, particularly when the degree of hetero­

geneity is considerable (Tsukamoto, 1963). The limitations are: 

first, they give no precise analysis of the nwnber or nature of the 

genetic factors involved, nor do they necessarily provide a true 

indication of the amount of heterogeneity present; second, factors 

such as the method of t esting, the units of dosing (concentration 

of toxicant, weight of a ma terial per unit of body weight, amount of 

spray, etc.), age and sex, should not, theoretic~lly, produce changes 

in the slope of the DM-line, but in practise they do as had been 

shown by Hoskins and Gordon (1956) and Dittrich (1962) who demonst­

rated that a spray method gives a flatter slope than a topical 

application method. Hoskins and Gordon (1956) also show that mixed 

sexes and ages generally give lower slope values than where single 

sexes or uniform ages are used; and third, where a large dose of a 
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toxicant is used: cmch of the material may be lost and c onsequently 

there is false increase in the value 0-f:' LD50 and a lcwer eu slope 

value of the DM-line (Hoskins and Gordon , 1956; Busvine, 1956) . 

2.6.3 M:i,_sinterpreta tion of' the :response to selection pat tern 

The pattern of resisfances build- up obtained from noting the 

responses of either the LD50 values or the DM- line (Leo the expon­

ential increase associated with changes in the degree of variance) 

has been occassionall y acc·epted as evidence for the polygenic inher­

itance of resistance (Watson, 1956). In P1any of these cases, it was 

proved later that the inheritance was monofactorial. Milani (1958a; 

1958b) explained tha t the changes undergone by the LD50 values and 

DM-lines refer only to the response to selection, not to the mechan­

ism of inheritance of the selected character . 

2.6 .4 DM-line in genetic studies of resistance 

In spite of the many limitqtions, the DM- line is still 

widely employed in genetic research of the resist~nce phenomenon. 

Where no mutant mar·kers are available, it is the only acceptable 

method of analysis. It need be stressed that the DM-line is only 

useful when it is capable of differentiating distinctively the resis­

tant population from the susceptible group, since vigour factors can 

contribute to some increase in the total resistance . Wher e the DM­

line is used for genetical analysis, the vigour f actors should cont­

ribute only a negligible effect on tolerance both in the r es istant 

and susceptible populations . 

In normal procedures, straight DM- lines are obtained for 

susceptible and resistant strains and for their F
1 

offspring . In the 
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case of heterogeneous populations such as those of the F 2 or back­

cross generation, the Dl1-lines show various inflexions which provide 

information on the relative proportion of segregating phenotypes and 

on po2sible mechanisms of inheritance (i.e . the number and nature of 

the genetic factors which confer resista nce (dominance and gene 

interactions ar e factors that influence the shape of the curve). 

2. 7 GElJETIGS OF RESISTANCE IN SPIDER MITES 

In studies on r esistance to pesticides in spider mites , most 

attention had been paid to resistance to organophosphate compounds . 

The spider mite species , Tetranychus urticae and Tetranychus pacif­

icus, are the only ones that have been studied with regard to the 

genetics of r es istance (Helle, 1965a). 

The genetics of resistance has to date been studied indirect­

ly through a system (I reciprocal crosses and backcrosses . Reciprocal 

crosses of a resistant and a susceptible strain, in all cases, prod­

uced r esistant F1 offspring. '!'his demonstrated that r e sistance was 

dominant and transmissible by both sexes . Since the backcrossing of 

these hybrid females (F1) to normal males produced ,'3.n F 2 apparently 

made up of two classes , a 1:1 ratio of resistant and susceptible 

individuals, sever a l authors suggested tha t a single domina.nt chara­

cter appeared to be responsible in particular strains of I,.urticae 

and I,.pacificus (egs . Taylor and Smith , 1956; Andres a nd Prout, 1960; 

Helle, 1962; Herne and Brown, 1969; Ballantyne, 1966). 

On the other hand, a series of papers by Dittrich (1961; 1963a; 

1963b; 1963c) concluded that resistance could be characterized by 

dominant semilethal factors and a major r ecessive Mendelian factor, 

as manifested in the Leverkusen-R strain (derived fr om susceptible 
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The series of studies on the Leverkusen str,:dns were contin­

ued by McEnroe (1967). He r.-1ade inbred lines of f.g;rj",icae, developed 

from 11 popula tion pl[: teauocl by dir ectad selection with methyl 

demeton. Toxicolog ice.l rosponses of the differ ent l ines , using 

methyl demeton as the toxicant, f:_:y, ,.:.l the p1°esence of hid.lcn 

genE:tic v5.riabili ty and that a do:nimnt mnj 0r f a ctor w&s not fixed 

in the Leverkuscn-P.. strain. 

In addition to the major f a ctor contributing to resistance, 

several other minor factors may contribute towards total resista nce. 

Aoong them are the cyt_oplasrhic 'factors ,whi ch are one 0r more toler.:.. 

11nce 7_increa:s:rupgi:f2.ctors · inherited· o.n).y "\de. the , f eme.le p~rent. ( Over­

meer, 1967). Cytoplasmic factor s as contributiri..g factors a re evident 

when the reciprocal crosses show differences in toxicant r e sponse. 

Predetermination (the determination of gene -controlled characters 

by the maternal genotype prio~ to the fertilis~tion of the egg cell) 

was found to affect totnl r esistance ( Overmeer, 1967). His S x SR 

a nd SR x S crosses exhibited different degr ee of response (SR is 

the homozygous backcross strain which is deri ved cytoplasmically 

from a s usceptible mother and which obtained its resist:"l.nce factor 

from a resistant male) . Finally, a minor gene or genes, possibly 

modifiers, were oft.en quoted as contributing f a ctors towB.rds resis­

tance (Schulten, 1966; Helle, 1962; o,ermeer and Harrison, 1969). If 

through repeated backcrossing of the hybrid (Rx S) to susceptible 

males, there is an indication of a decrease in resistance in the 

homozygous backcross strain, minor genes are involved. 

Whether the major factors responsible for many instances of 

organophosphorus resistance are located on different linkage groups, 
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or: the Sa.Be linkage groLF) l ar6e distances apart; m: as close1y linked 

genes or alleles, is uncertain, 11c,1cver, in one instance, ~chul ten 

( J968 ), c0ns ide1· el:. that th"' o:r:-g'~no~hosphorus resistB.ncos in the 

S~' :. train (Helle, 1962) an.01 the OP sfrain v1ere due to different 

iscallel e s O 

2,S B1ocm:,;~,UCA1.i GEiVETICS OF HESIS)'_.'.\.1JC'E 

Even thc,..igh Y1.UJ:1ero~'..s cliffe :c·e:mt types of che:nicals have been 

used as insec..:tic:ides , rela civel:r J.it tle is kno,rn of their mode of 

e.c:cion and , generRll~r, e, er ... leH::: is ·:~1c·n o'!: the bi0,:,r1cmical ::osis-

t ,'lnce mechanisms tha+, opcrdte 'l.[;aiPst thm;i. 

Al tho:_,gh rcsista.J.1cc mcchP. n:i.sms ean vCJ.ry, even froin str/)_in 

-~·,o s!-.r a :i.n. :,_n scme cn.s-;3) °Gl'.3rc t8J1ds to be a l:L ;1 i ted nwr,ber of 

gene:cal resistance J':('clw.nis,.13 , I n :i.r·s2cts , the only gc.nera l mechanism 

.,c far detE:~ted. is ono of c:etoxifica1':.ion (01-':oen o'..'-rth, 1958; March: 

1958; L:i_p~:c ar,J Ke,1rn.s 1 195:.:5; BrO'an- J-961; 1+1rch 7 :i.950 7 Ro:1lston, 

1969; Kimu.ra a:ud Br(,-.m, 19C'i.~ ::crello, 1 961:.), In catt:i_e ticks and 

sp:1.der mites: "i:,;Jo g0ne:c'11 :ne.::.hn.nis:f!S have 1)een founc.l, vif.-, insensi­

tive chclir...e stel·ase reaGtion (Smissae::·t, ::;_964; Voss and Ivb.tsuraara, 

1964; Roulston§..~ p.J-. - , 1969; Rot1].ston, 1969; Roulsl,oi1 £.!: s-1 •, 1968) 

and. detoxific:ation (Ivl,'J.tcu,:12.:r·a and Voss, 1964; Herne and Brown., 1969). 

In this rev i e1.,1 , the autho:.' ~J i shes to place mo:.-e emphasis on 

the biochemical r esistAi:.ce mecl11rnis1:1s of the spider mites , especially 

with reference to the cholL1esterase ir,;_,ibiting insecticides which 

are more thoro:ighJ.y studied than any other grou.ps of insectic i des. 

This group hwll'..des the organophOj,lho1·ns compoL,_nds and the ca rbamf:l.tes, 

both of which are believed to kill arthropods by iriJJ.ibi ting the 

enzyme cholinesterase ( ChE) with consequent disruption of nervous 
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activity caused by the accumulation of a cetycholine at nerve endings. 

Smissaert (1964) points out that in resistant two-spotted 

spider mites of the Leverkusen-R strain, the cholinester a se enzyme 

which is normally present in nerve tissue and which is the target for 

organophosphorus insecticide action, i s changed or altered. The 

change is r efl ected in a lowered rate of inhibition of the cholin­

esterase. 

By using the same strain, Voss a nd Ma tsumara (1964), veri­

fied Smissaert's findings but simultaneously they found that in 

another r e sistant strain (Blauvelt strain - organophosphate resis­

tant), there is no unusual insensitivity of the cholinesterase 

enzyme. In this par t icula r strain, however, .parathion and mal a thion 

hydrolysis was found. They concluded that there a re two different 

mechanisms of resist~nce in thes e two independent r es i stant stra ins . 

The mechanism discovered by Smi ssaert also occur in the 1 Baardse 1 

strain of 1'..urticae (Helle, l966), in a strain of 1'..pacificus McGre­

gor (Helle, 1966), and in three New Zealand strains of 1.urticae 

(Ballantyne and Harrison, 1967). 

~'ross-resistance of organophosphate resis tant houseflies to 

carbamates had been shown to occur (Forgash and Hansens, 1959; 

Georghiou et al., 1961). If a simila r mode of action of organophos­

phorus compounds occur in mites as in insects, it would be reasonable 

to assume that there may be some degree of cross r esistance between 

organophosphates and carbamates in mites. This is substantiated fur­

ther by the organophosphorus resistant Blauvelt strain which showed 

absence of cross resistance against carbamate s (Voss and Matsumara, 

1964). In this strain, resistance to organophosphorus was due to 

detoxification, which would probably explain the absence of cross­

resistance. 
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Ballantyne and Smissaert (personal communication) in a study 

of response to formetana te (a carbamate) using organophosphorus 

resistant strains called by Schulten (1968) OP (cross resistant to 

carbamate CPMC) anJ SP (Helle , 1962), found that OP showed negatively 

correlated resistance (x 9.1) while SP only a slight tolerance (x 2), 

when compared with the Leverkusen normal strain. Probably this can 

be explained on the ground that the organophosphate r esistance in 

the OP and SP strains is due to different alleles (Schulten, 1968). 

Thus, it is reasonable to assume that the different alleles which 

provide the small difference in organophosphorus response in SP and 

OP, give rise to a larger difference in the response to formetanate. 

Furthermore, the f act that the OP shows cross resistance to CPMC 

but negatively correlated r esista nce to formetana.te, points out that 

allelic difference can also giv e rise to different response to 

different carbamat es . 

In conclusion therefore, different mutations in the choline­

sterase enzyme gene can produce structural eff ects which re sult in 

different inhibition rates to a range of chemical types. 

2.9 BASIC GENETICS OF SPIDER MITES 

Schrader (1923) distinguished cytogenetically two types of 

eggs and larvae in 1,.urticae, viz., with three or with six chromo­

somes. He also observed that the nuclei of the sperrnatogonia contain 

three, and those of the oogonia six chromosomes. He concludes that 

the males are haploid and develop from unfertilised eggs whereas 

females are diploid and proceed from fertilised eggs. Thus virgin 

females produce only haploid eggs which will develop into males. 

Mated females deposit a mixture of unfertilized and fertilized eggs 
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which r esult i n haploid males and diploid f emal es respectively. 

Fertilized females ·can produce offspring (females only) androgenet­

ically if virgin femal es are exposed to a certain level of X-radia­

tion before fertilisation (Overmeer et al ., 1972). 

Generative or haploid parthenogenesi ~, a s this form of r epr-o­

duction is called , is a salient f eature of spider mites . Gener ativ e 

parthenogenesis is always facultative and arrhenotokous (m.'.1.l e-prod­

~cing and seems to be the only type of r eproduction in the sub­

f amily retranychidae (Pritchard a nd Baker, 1955; Helle a nd Bolland, 

1967). It appears that a normal me iosis takes place during oogenes is 

while in sperma togenesis only normal mitotic divisions occur (Suom­

al a inen, 1962). 

Since ma. t ed and unmated females of 1.urticae can produce 

male offspring , one wonders whether the sons of t he former a r e 

really impa t ernate . Grosses with mar ker genes have demonstrated 

unmistakably, however, that t he male offspring always shows the 

genotype of t he mother only (van Zon and Helle, 1966). Under a 

situation where the females are produced t:ndrogenetically, the hap­

loid mal es derived from the androgenic mothers will not be the gen­

otype of the mother (Overmeer et al., 1972). --
Since pa rent mal es have no genetic influence on the present 

generation ma l es, the r a tios of phenotypes among haploid offspring 

will reflect the segregation of genes that occurs during meiosis in 

the female parent. Moreover, because a rrhenotoky allows r ecessive 

genes to be expressed immediately in the haploid mal es , an unfavour­

able mutated gene will be eliminated more quickly upon exposure to 

selection than it would in the case of a diploid species. Consequent­

ly species with haploid males will tend to be more homozygous than 

those animals with diploid males. On the other hand, a favourably 



29 

mutated gene will hu.ve a greater chance to spread and establish than 

those species with diploid males. From an evolutionary viewpoint, 

such a species should be less pla stic than its normal diploid count­

erpart (Suomalainen, 1962). 

To da t e , various visible mutants (aberrations in the pigment­

a tion of the haemolymph and/ or eyes) have been found (Ballantyne, 

1969; Helle, 1969; Helle and Zon Van, 1970; Van Zon and Helle, 1966) 

and these are useful for establishing a visible link8ge m~p. Such 

linkage data would be of tremendous value to a genetic analysis of 

re s istance (Oppenoorth, 1965) since present measurements by dosage­

mortality tests are restrictive . Since spider mites have only a 

small number of chromosomes , a f ew markers would be qdequate for the 

localisn. tion of the r esistance gene . M'3.rkers might also a llow .3. more 

positive identific~tion of smaller factors involved in a polygenic 

system. So f ar, markers have been isolated for 1.pacificus, I.urticae 

and 1.neocaledonius (Schul ten, 1968). 

In spite of the many advantage ous properties of spider mite s 

as research material, such as r apid development rate , high reproduc­

tive potential, m:,le haploidy, case in roaring, small number of 

chromosomes and short life cycle, they are disadvantageous when 

compared to the arrhenotokous Hymenoptera (Habrobracon and Mormonie­

lla in particular) because of the small number of suitable markers 

available.-

2 .10 INCCMPATI BILITY IN .I.URTICAE 

In f.urticao, there is frequent occurrence of reprcductive 

barriers between different populations, although they are morphologi­

cally indistinguishable. These barriers are seldom complete and in 
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many cases, they cause partial hybrid sterility (Boudreaux, 1963; 

Helle and Pieterse, 1965; Overmeer, 1967). The degree of genetic in­

compatibility most canmonly depends upon the strains involved (Keh, 

1952; Boudreaux, 1956; Parr and Hussey, 1960; Helle and Van de Bund., 

1962). The phenomenon of genetic incompatibility, besides occurring 

in the crosses between different geographical and morphological 

strains, also occur between populations of spider mites collected 

within a limited horticultural area (Helle and Pieterse, 1965), and 

between substocks derived from a laboratory stock (Schulten, 1968). -

It is not unusual to find qualitative differences between 

reciprocal crosses. Overmeer (1967; 1965a; 1965b) reported situations 

of genetic incompatibilites in which the percentage of unhatched 

eggs in the F1 arrl offsprings obtained fran hybrids of reciprocal 

crosses between two strains differed considerably. This suggests that 

the cytoplasm can play a role in the incompatibility phenomenon. 

Helle and Overmeer (1973) suggested that orientation of bivalents 

which is dependent on maternally intrinsic properties during meiosis 

in the structural hybrid female might explain the differences in the 

degree of hybrid sterility resulting frou reciprocal crosses. 

The causes of different incanpa.t rbility patterns of two­

spotted mite populations are not fully understood. The fact that the 

F1 eggs are not affected but their offspring and the lethality in 

the F2 haploid eggs is greater than in the diploid eggs, suggests 

that chromosomal alterations (chromosomal rearrangements) are respon­

sible for genetic incompatibility. The chromosomal rearrangements 

(translocations, inversions) can cause abnonnal pa.iring (failure of 

pairing and disjwiction) during meiosis and as a result give rise to 

deficiencies and duplications (aneuploidy) of genetic material in the 

F2 eggs (Boudreaux, 1963; Helle an:i Pieterse, 1965). In cases where 
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there is an exceptiomlly high percentage of inviable diploid eggs 

in the F1 , the hybrid itself is affected apparently as a result of 

the combination of two different gene complements in 0ne genom~ 

(Helle and Pieterse, 1965) . 

Helle (quote from Schulten, 1968) found that different sub­

stocks derived from a laboratory stock developed incompatibility 

barriers between each other and with the mother stock. It also appears 

that genetic incooipatability fluctuates, widely with time (Ballantyne , 

1969) . Both these observations suggest that chromosomal polymorphism 

is a more or less regular feature of spider mites. It would be 

difficult to detect the existence of chromosomal polymorphism in 

spider mites by means of the usual cytological techniques because 

of the small size of the chromosomes . 

The degree of incompatibility due to cytoplasmic factors are 

in general comparatively small in comparison to the incompatibility 

caused by the chromosomes, Thus, cytoplasmic sterility is perhaps 

secondary to genetic incompatibility. 

The occurrence of genetic incomp~tibility phenomem among the 

two-spotted spider mites had led many workers to use it as a crite­

rion for differentiating the species into various strains (Keh, 1952; 

Boudreaux, 1956; Parr and Hussey, 1960, 1961; Helle and Van de Bund, 

1962). This phenomenon is not confined only to mites from different 

geographic origins (Boudreaux , 1963). Sanetimes, adjacent populations 

exhibit nearly complete genetic incompatibility whereas other popula­

tions from widely diverse geographic areas show moderate incompati­

bility ( Helle and Pie terse, 1965) • The substantial interpopula tional 

divergence among adjacent populations (eg . glasshouses) provide an 

interesting case for study since it may provide a means for genetic 

control. The occurrence of incompatibility among these glasshouse 
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populations, in spite of r egular interpopulatiornl exchange by wind , 

plant materials and phoresis, suggest th~t the $enetic d:ive~$it7 is 

a pr ojection of the a ccelerated differentiation of germinal changes 

in spider mites due to their r eproductive rate and male haploidy 

(Helle and Pieterse, 1965). Favourable mut~tions (and also chromo­

some alterations) in spider mites are l ess liable to dispersiv e 

forces and more prone to fixation as compared to a nimal s with dip­

loid sexes (Helle , 1965). As a result, the chanoe of extinction for 

favourable mutations is much slighter, and consequently results in 

a greater mutational yield and subsequent genetic divergence (Helle 

and Pieterse, 1965) . The holokinetic structure of spider mite 

chromosomes throws light upon the above concept. It means that 

chromosomal rea rrangements such as reciprocal t r anslocations and 

inversions can be produced without the formation of acentric and 

dicentric products . If such tronslocations or inver sions a r e linked 

with some selective advantage , they become r apidly established in 

balanced conditions; that is, they remain in the heterozygous state 

due to l ethality of the homozygous combination as do balanced lethal 

rearrangements in Drosophila~ It is necessary to assume of course 

that they are hemizygous (male) viable . Populations containing 

rearrangements could reta in a great deal of genetic variation hidd­

en in the heterozygous state, especially if the expression of such 

variation was sex-limited (expressed only in females) . All this ex­

plains, on the one hand, the observed genetic incompatibilities ex­

plained above, and, on the other hand, the enormous wealth of genetic 

potential that is observed in the course of their evolution, by the 

rapidity with which a large number of small populations can break 

away and become genetically distinct from a single parent population. 
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Besides resulting from the capacity to retain hidden variability, 

such evolutionary potential is augmented by a high muta tion rate 

averaging 2 x 10-4 per gene (Helle and va n Zon, 1967) and by a strong 

tendency in ns.ture to inbreed (mother x son)(Helle and Overmeer, 1973). 

The effect has been found in I.urticae by van Zon and Over­

meer (1972) who showed tha t X-ray treat ment followed by mother x son 

inbreadings gave rise to new races which showed genetic incompati ­

bilities . Apparently, the chromosome mutations ar e both easily 

induced (because of the holokine tic structure of t he chromosomes) 

and established (because of the haplo-diploid r eprcx:luction) . 

2.11 SEX-RATIO IN 1 .uhrI..;AE 

In 1.urticae, it appears that for a particular popula tion a 

certa in sex-ratio which fluctuates ar ound~ mean under normal cir­

cumstances of r earing is usually found . The mean sex-ratio can differ 

from stra in to stra in (Gasser, 1951) but in gener al, the number of 

females surpa sses the number of males. 

Several workers have tried to explain the variable sex-ratio 

in the arrhenotokous spider mites (Fisher, 1930; Hamilton, 1967; 

Hussey and Parr, 1963; Schrader, 1923; Boudreaux, 1963). Early works 

by Boudreaux (1963) seemed to indicate that there wa s no normal sex­

ratio for spider mite s and it wa s shown that copula tory accidents 

(interruption of coitus and variable sperm load) could cause females 

to produce varying frequencies of f emales . However, if one is to 

argue from the point that the mating c~pacity a nd the sperm supply 

of one male is sufficient to f ertilize several dozen females, it is 

not at all convincing that mating or sperm supply will influence the 

sex-ratio in nature uespi te t l1C; occu.rre;nce oi' .~ lligl 1t.:r 1\ .. ,;u.i.le :male 



34 

r atio in most populations . In support of this is work done by Over­

meer and Harrison (1969) and Mitchell (1972) . 

Overrneer a nd Harrison (1969) indicated that differ ence s in 

the sex-ratio among various diff er ent homogeneous or heterogeneous 

popula tions (with r egar d to differ ences in sex-ratio) appeared to 

be heritabl e . By inbr eeding a number of lines of !.urticae using sib­

mating, they showed that the sex-rati o was controll ed by the pheno­

type of the mother. The same r esult W4S obtained by Mitchell (1972) 

using a differ ent str~in but he a lso found that the materna l effect 

seemed to be limi ted to a single generat i on . Overmeer and Harrison 

(1969 ) expla ined the maternal effect as due to a cytoplasmic system 

or a sex-linked t ra it. Recently, Mitchell (1972) threw more light 

on the s ituation by using inbred lines tha t differ ed in the sex­

r a tio (i.e . selections for hi gh and low sex-ratios - a system dif f­

er ent from the haphazard selections adopted by Ov er mecr and Harri­

son). He agreed with Overmeer a nd Harrison about the presence of 

genetic variability for sex- ratios in a population and put forward 

the concept that the variability of the sex-ratio in nature would 

appear to be a genetic polymorphism a nd the genetic control of sex­

r a tio is polygenic. Observations that 1) lines could be establi shed 

tha t did not diverge i n sex-ra tio under directed selection, provid­

ing evidence for sex-ra tio to be under the control of a f ew locii, 

and, 2) there was greater vari ation in the offspring of f emal e s from 

the intermedia t e range for sex-ratios than from e ither extreme, 

providing evidence for heterozygosity a t autosomal locii, seemed to 

rule out the possibility of a hemizygous sex-linked t rait mentioned 

by Overmeer and Harrison (1969). 

Since genetic polymorphism and polygenic control ar e feat­

ures of sex-rat io in the spider mites , it is also reasonable to 
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assume that the sex-ratio is determined by selective pressures oper­

ating over several generations (Mitchell, 1972). As in the case of 

the resistance genes, when the alleles for sex-ratios ar e present at 

intermediate frequencies, the population can easily respond to 

natural selection over a very f ew generations. This concept can 

probably explain the adaptive role of sex-ratio in determining the 

success of dispersing mites (Overme2r and Harrison, 1969), and in 

responding to different selective cultural regimes (:Mitchell, 1972). 

Thus, it is important to determine the nature of the select­

ive forces that fix the sex-ratio; a long term response study will 

be more valuable tha n a simple phenotypic r esponse . 

2 .12 SEX-DETERMINATION IN 1.URTI ..:AE 

Sex-determination in arrhenotokous species is difficult to 

explain but some hypotheses , which ~re yet to be proven, have been 

developed to approach the genetics of sex determination. 

a) Goldschmidt's theory (1934) Chromosomes bear 

genes for femaleness while the cytoplasm would carry maleness el em­

ents. According to this theory, one set of genes for femal eness 

would not be enough to outweigh factors for maleness and therefore, 

haploids would be males. Two sets of chromosomes, however, would be 

sufficient to dominate cytoplasmic maleness; so diploids would be 

females. 

b) Whiting 1 s theory of multiple-alleles in Habrobracon (1943) 

Females are heterozygous for one pair of a series of sex-alleles,for 

example, x1x2, x
3
x

4
, x

4
x

7
, etc., while males are haploid, for exam­

ple, x1 , x
2

, x
3

, x
4

, etc •• This theory apparently would not apply 
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to spider mites, since mother x son crosses r esult neither in l eth~l 

eggs nor in di ploid males , although it is . possible that some mechan­

ism operates a t the time of , or fol lowing, fertilisation, such as 

selective syngamy or heteropycnosi s , to praf or entially eliminate or 

inactivate one set (maternal or pater nal) of chr omosomes . Such mech­

anisms are known t o oper ate in s ome scale insects and in the mealy 

bugs (Markert and Ursprung, 1971). 

c) Cunha and Kerr's thGory (1957) A series of male-

tendency genes, m, and a series of female-tendency genes, f, a r e 

considered to be scattered over several chromosomes. The effects of 

m would be the sar.ie in hemizygotes as i n diploids a nd the eff0ct of 

all m1 s may be r epresented as Min both kinds of individuals. The 

effect of f ' s would be accumulative and ther efore ,iould be F in the 

haploids a nd 2F in the diploids . So , sex would be d0t errnined by the 

the equations 2F) M = f emn.l e and M>F = male . 

d) Helle 1 s t heory (1968) Helle , from a genetic 

study of the sex- limited trait, diapause , in spider mites , suggested 

that sex-determination may depend on either cytoplasmic or chromos­

omal factors . Regar ding the chromosanal factors , he postulated the 

existence of sex-chromosomes , and that f emal es could be heterogametic , 

assuming pola rised meiosis with selective syngamy. This theory does 

not seem to be attractive , as a ndrogenetic females, homozygous for 

the paternal recessive marker, can be obtained a s a r esult of the 

combination of tw o identical haploid male chromosome complements , 

when females are exposed to X- radia tion before f ertilisa tion by 

ma les carrying a recessive marker (Overmeer et al., 1972) . 

Earlier (van Eyndhoven and Helle , 1966) , it was reported that 
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as a result of intensive mother x son inbreeding of a large number 

of lines, all beginning from a single female and continuing for 

several generations, intersexual forms were produced . These forms 

appeared in one line only, a nd included wha t were described as giant 

diploid males and haploid females . Possibly these r efl ect the break­

down by recombination of a sex determining sagment that is normally 

maintained in a balanced heterozygous state by a chromosomal r earr­

angement (as described earlier) . 

2 . 13 METHODS OF GENETIC CON1'ROL 

In the control of insects, approache s involving the use of 

insecticides are coming under increasing attack by env ironmentalists 

because of their ecological side- effects . To r eplace t he use of in­

secticides , considera tions of the use of sterile or genetically in­

compatible insects, of sex or other pheromones , of attractants in 

association with traps or poi son baits , of hormones or hor mone 

analogue, of physical factors such as sound, shape, colour, and of 

factors which modify chromosomal segregaUon, have been made . In this 

r eview, the first and the l ast me thods are el~borated; basically 

these methods constitute genetic control, which has the advantage 

that its immediate effects are r estricted to the species or stra ins 

and there a r e few ecological side- effects beyond those ca used by 

e l imination of the pest species itself . 

Var i ous techniques of genetic control have been developed . 

Some have already been applied in the field while other s are at the 

experimental stage . 

a) Hybri d sterility Hybrid sterility results from 

appropriate crosses between various populations of some species-
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complexes which give rise to infertile hybrids . This me thod had been 

used to control Anopheles gambiae (Wright and Pal, 1967) and it had 

been suggested that the tzetze fly, Glossina swynnertoni, might be 

er adicated by introducing Glossin~ moisifans into its territory . 

These species mate with each other but only~ few offspring are 

obtained and these are mostly sterile. 

b) Cytoplasmic incompati~ility In this situation, 

a cytoplasmic f cctor is involved . In some species of mosquitoes, 

crosses in one direction between certain populations give no off­

spring or a very low number of offspring; the reason is that the 

cytoplasmic factor kills or eliminates the incompatible sperm after 

entry into the egg, but befor e fusion with the egg nucleus . If an 

embryo develops , it is haploid and non-viable . The r eciprocal cross 

is usually normal . Laven (1967) made use of this phenomenon in 

Culex pipens in which 20 different crossing types are known . He used 

a strain of Culex pipens fatigans with cytoplasm from ~ strain from 

Paris and genome from a Californian strain. Males of this synthetic 

strain were shown to be incompatible with fem:1les in the wild pop­

ulations around Rangoon. 

c) Sterile males Some f actors may be present 

in the males which when crossed to the females will produce low fer­

tility or sterile offspring. For example, attached XY chromosomes 

are available in Drosophila and males of this constitution, when 

mated with normal females, produce all sterile male offspring . 

Sterile factors can also be produced artificially by X or~ radia­

tion. Examples of the use of this technique for control are several : 

the screw-worm fly, Cpchliomy:i.P.. hominivorax in Curacao and Florida; 
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the oriental fruit fly, D:i.cus dors-'llis in Guam; and the melon-fly, 

Dacus cucurbitae. Irradiated males are released into pest infested 

areas. Ghomosterilants, still under experimentation, may also serve 

as a technique for sterilisation in the future. 

d) Introduction of deleterious chromosomes The 

prinniple of this method involves the introduction of a number of 

genes, capable of causing lethality, lowered viability or sterility, 

into the population. The genes must be recessive and can be intro­

duced via heterozygous males. Repeated r eleases are often necessary 

to compensate for selection against the chromosomes. The appropriate 

genes very often exist a t low frequency in natural popula tions and 

can be isolated by inbreeding (Wright and Pal, 1967), or induced by 

X-rays. 

A similar method is the introduction of chromosomes carry-

ing reciprocal translocations. Translocation heterozygotes produce 

zygotes with a lowered viability rate. First suggested by Serebrovsky 

(1963), their use was experimented by Curtis (1968) with tzetze flies, 

Glossina species, using cages. He found that half the gametes (the­

oretically½ are expected) from the transloc&tion heterozygotes had 

a chromosomal deficiency or a duplication and produced inviable 

organisms. Introduction of males homozygous for a translocation will 

result in the production of many progeny which are heterozygous for 

the translocation and therefore only partially fertile. Further-

more, translocation heterozygotes will also appear in subsequent 

generations, thus resulting in a lowered productivity of the pop­

ulation over a considerable period. 

e) Factors which modify chromosomal segregation Meiotic 
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drive is a situation where factors on one chromosome cause it to 

become incorporated into more gametes as compared to its homologue. 

Meiotic drive causes chromosomes to spread through a population even 

though they may carry deleterious gene s. If such a factor could be 

linked to a recessive deleterious gene such as Q l ethal or a steril­

ity factor, it could cause these genes to spre~d through the popula­

tion, which would be eradicated eventually. There is a f actor in 

Aedes aeg:ypti which ca uses populqtions to become about 90% male. It 

is known as "distorter" and is probably .<i.n example of a Y chromosome 

with meiotic drive (Craig and Hickey, 1967). 

The general survey of the available techniques in the genetic 

control of insects may provide some information towards finding a 

form of genetic control for the two-spotted spider mite, !,.urticae. 

Before any technique s can be r ecommended, it is essential to know 

the genetic background of the va rious stra ins of !,.urticae. 

2.14 Gi::NETIG INCCMPATIRILITY ~\.SA POSSIBLE MEANS CF CONTROL IN 

SPIDER MITES 

Since !,. urticae is not compatible with other species of 

spider mites and there is variation in the degree of genetic incom­

patibility within the species, this phenomenon could be exploited 

as a means of genetic control (Helle, 1968b). 

On a similar line, instead of using naturally occurring 

incompatible populations, the males of !,.urticae can be made incom­

patible by means of radiation (van Zan and Overmeer, 1972). Radia­

tion induces a considerable number of chromosome mutations which 

can be made homozygous by following a selection scheme. Through out­

crossing with the original mother colony and among strains, it was 
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tions can result in near ly complete r eproduc t ive incompatibility . 

Genetic control using malGs of artificially induced chromo­

somal races can be useful in more or l 0ss isola t ed areas of limited 

size , like the glasshouses . The introduction of such mal es which 

are resistant to a particul~r toxicant could be appropria te after an 

insecticidal spray, so that the ratio of introduced m~les to host 

m~les is very high . In a situation such as this, it is nece ssa.~J 

that the reproductive incompatibil ity be tween the r el eased male s 

and the r esistant mites be 100%, so as to avoid the introduction of 

resistance genes into the gl asshouse , a long with chromosomal rearra­

ngements which may render subsequent r ele~ses of males ineffective 

van Zon a nd Overmeer, 1972). 
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LIFE HI STORY AND BEHAVIOUR CF MITES 

Since a gonetical study of spider mites i nvolves a great deal 

of crossing and br eeding , it is es sentia l to know t he biology and 

behaviour of t he organism. A considerable number of authors have 

dealt a t l engt h with these aspe cts ( Cagl e , 1949; Harrison and Smith , 

1960; Helle , 1962 ; Hussey and Parr, 1963). Without going into grea t 

detail, it is here intended to briefly present t he various f acets of 

the biology and behaviour of the u.ro-spottod spider mite , I.urticae, 

which ar e known up to t he present dat e , with special emphas is on 

those which bear r el ev~nce to the present study. Most of the inform­

ation is swnmarized from t he reviews of various authors (Boudreaux , 

1963; Ballantyne , 1966; Unwin, 1971; Helle , 1962; Helle and Overmeer, 

1973). 

3 .1 LIFE CYCLE CF ]'..URTivAE 

The lifo cycle of two-spotted spider mit es consists of alter­

nating active and quiescent stages: Egg~ Larva~Nymphochrysalis~ 

Protonymph~ Deutochrysalis~ Deutonymph~ Teliochrysalis ~ 

Adult. The detail descriptions of each stage are presented in the 

annotated diagram (see page 43). 

The time for development from egg to adult aver~ges about 

0 
10-12 days a t 25 c. Embryonic develop~ent (incubation) and post-

ernbyronic development each requires 5-6 days. The time period also 

varies with different strains but the difference is not more than 
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EGG~---------------ADULT FEMALE 

Spherical, lpproximately Oval, 0::5mm in length 
0.14mm in diamet er. and 0 . 28mm in width. 
Opaque in colour when Black spots spread and 
hatched. Turns yellow mite appears black on 
just before hatching. maturity . Grefn, r ed , 

orange and yellow forms 
with green ones pred­
ominant. 

L..~RVA 

Size and- shape of egg •• 
6-legged. 'I'urns to 
yellow or light gr een 
as it matures. 

NYMPH OCHRYSALIS 

First restik stage 

TEL1 OG1-!RYSALI S 
t 

Third resting stage 

DEUTONYMPH 

t 
Larger than previous 
nymphs - darker or 
lighter green . Two 
black spots become 
more massive and 
distinct. Sexual aim­
orphism is first app­
a rent. 

DEUTOCHRYSALIS 

t 
PROTOTPH Second resting stage ... _________ .JJ 

8-legged. Moro oval 
than the larva. Dark-
er in colour with two 
blackish spots (c~used 
by the presence of 
food particles and pig­
ments in the digestive 
tract) one on each side 
of tho body behind the 
carmine spots 

Smaller than female 
and more active . Poar­
shaped, lighter colour. 
Black spots are l ess 
dense. Ca rmine spots 
more conspicuous. 

ANNOTATED LIFE-CYCLE OF 1'..URTIGAE 



44 

thr ee days . The time taken for each stage to develop at 25°c i s g iven 

below: 

TIME (DAYS) 

RES TI NG STAGE 

MOBILE STA.GE 

1 2 3 4 5 6 7 8 9 10 11 12 13 ·-·-·-·-·-·-·-·-·-·-·-·-·-· 

Egg 

Nymphochrysalis 

! Deutochrys~lis 
i Teliochrysalis 

·-· ·-· • ...Jt_. 

I I I I ....... ·-· ·-· ·--.. --
i r Dtutonym!~ult I Protonymph 

Larva 

0 
Stages of Development of ! . urticae at 25 C 

From a nor mal mixture of haploid and diploid eggs , the adult 

haploid males nppear to emer ge first . The males usually hewer over the 

female teliochrysalids befor e any of the latter have emerged . Attrac­

tion of males to females is r egarded as being due to a pher omone 

(Cone et a l . , 1971) . Inunedi atel y Rfter emergence, the f emales are 

fertilized. In copulation, the mal e crawls bebeath the femRle from 

behind, a rchi ng the pointed tip of the abdomen to introduce the 

aedeagus into the femal e genital opening . Copulation can occur 

sever a l times with different males but gener a l ly only the first mat­

i ng is successful and necessar y , permitting a female to l ay diploid 

eggs for the rest of her l ife . Many of the eggs r emain unfert ilized 

since males a lways appear among her progeny (Helle, 1967) . 

Usuall y , after copulation, f emales tend to move to new l eaves . 

Mi gra tion of this kind (not due to overcrowding or shortage of food) 

occurs only during the pre~oviposition period (less than one day 

up to a bout 8 days) • With the strains used i n the pr esent study, the 

trend appears to be between 1-2 days in the normal environment. The 
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period is variabl e between strai ns . There i s a cl ear indication 

that the mating pref er ence of 1.urticae fem,1l es f or males of their 

own st.rain (geogr aphical isolate) does occur r egardl ess 0f whether 

mal es of other str.<tins 'lre immedhtoly ava ilabl e (Smith e t .al:,, 1969; 

Dieleman and Overmeer, 1973) . 

3 .2 El'-l"VIRONMENTAL FACTORS AF?ECTrnG DEVELOPMENT AND VIGG'UR 

Mite outbreaks a r e f avoured by hot , dry weather and ar e 

checked by hi gh humidity (Boudreaux, 1963 ; Bognar, 1960) . The opt­
o 

imum t empera ture for egg prcxluction seems to be 30 C. Egg laying is 
0 

also favoured by a drier surrounding. 30 C is als0 the optimum temp-

er ature for maxi mum r a t e of dev nl opment ( Br 9.venboer, 1959) . The 

two-spotted spider mites seem ur::i.ble to develop successfully at 

relative hlli~iditics above 8o% or below 2 tJ/., (Boudreaux, 1963) . A 

f i gure of 30-50% R. H. can be suggested as optimum (Boudreaux, 1963) . 

Two-spotted spider mites a r o greatly affected by the nutri­

tion~l status of t heir host-pl nnt substrates , as determined by 

normal or abnormal seasonal changes in pl ant physiology, by f erti­

lizer practices , or by changes from other ca uses in the chemical 

composition of the l eaf tissue . Generally , good crop husbrandry 

encourages maximum populati ons of two-spotted spider mites . The 

a uthor's obser vations have been that the gr eener the l eaves (i. e 

more nitrogen) and firmer t he l eaf tissues (i.e . more calcium), the 

more vigorous will be the mites which feed on them . This is in 

agr eement with experiments which show that any crop management 

practice , chemical or otherwise, which s i gnificantly affects l eaf 

nitrogen, will have corr esponding effects on the plant feeding mite 

population, although the biochemical basis of such effects cannot be 
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specified • 

.3 .J SEASONAL LIFE i.:YCLE AND BEPJ\VICTJR OF MITES 

In earl y spring, the sur,,iving overwintering females of 

!,. urticae seek out and lay eggs 0n the new season I s foliage, usually 

on the undersides of susceptible host plants , in response to~ nega­

tively geotactic orientation (Foott, 1964). Various authors report 

egg production per female in the r~nge of .30-118 eggs at a r.q_te of 

2-12 per day (Arcanin, 1958; Bohm, 1961; Gasser , 1951; Rambier, 19.58) . 

Several broods a r e produced over the summer . As the season progresses , 

the mite colonies rapidly rea ch a st~te of ovcrcrc.vding, and dis­

persal to uncolonized s i tes on the SHme plant and to other plants 

occur fairly rapidly . Mites in the overcrowded state form rope-like 

structures which are thre::i.ds of cotton with mites s.ttachcd to them . 

These can be several f eet in l ength a nd allow mites to be dispersed 

to other leaves , plants and to the ground . In tha field, mites are 

normally dispersed by wind which is capable of dispersing mites at 

1111 stages . Within glasshouses, dispersal may be r.t chi eved by crawling, 

falli~J or air current (Hussey and Parr, 1963) . 

With the approach of ~inter, the mite colonies cease feeding 

and r eproducine and undergo a number of ch!lngcs . All, or most of the 

mal es die, and the overwintering fonns are usually all adult females 

(Boudr eaux , 196.3; Gasser , 1951). In the higher latitudes , where 

long, extremely cold winters a.re usual, the mites overwinter in a 

state of true diapause. In milder districts and in lower latitudes , 

it seems clear that the overwintering form is in a quiescent or 

inactive stage rather than in true diapause . Mites in true diapause 

require a minimum period of chilling before feeding and oviposition 
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can be r esumed (Lees , 1953; van der Bund and Helle , 1960) . Photo­

period, temperature and availability of food are each important and 

interdependent factors in provoking the change from summer to winter 

body form (Bondar enko, 1958; Bengston, 1965; Gasser , 1953) . 

The winter f emal es, by a geotactic r esponse , usually descend 

from the host plants in search of suitqble hibernation sites . 

Favoured locati ons a r e beneath bark scales on the lower t runk of 

deci duous hosts, in cra cked or damaged bark, under debris in crotches 

and under dead leaves and rubbish on the soil s urface close to the 

butts of t r ees ( un .. in , 1971).. Burrowing under clods or into loose s oil, 

particularl y near the junction of root-stock and soil is t1sual . In 

milder climates, where true diapat1se does not occtir, so:ne or all of 

the mites migrate to R.ltermative host plants wher e f eeding and poss­

ibly r epr oduction may occur a t a mor e or less r edt1ced rate . 

In spring, with rising temperattires and necessary daylengths , 

t he winter colonies become active, commence f eeding and begin to 

change colour from r ed t o light green . With the coming of winter, the 

colotir change is reversed , tha t is, from green to carmine , bright 

r ed or or ange . In a stt1dy of 1 . cinmbe..rinus (Veerman, 1970) and 

1 -pacificus (Veer man, 1972) , Veerman found that the pi gmentation of 

spider mites i s probably due to the pr esence of ester s of keto­

carotenoids (3- hydroxy- 4- keto-a- carotene , 3-hydroxy-4, 4 1- diketo- ~ 

carotene , a nd a staxanthin) which a r e derived f rom ~-carotene t aken 

up by the mites f r om t he plants . J ince pigment analyses demonstrate 

that the same range of car otenoids occurs in both wild type f emales 

of 1 . cinnabarinus and ! . pa cificus, Veer man explained tha t the colour 

difference i s probably due to a quantitative differ ence in pigment 

composition, or the presence of different carotenoid- pr otein c omplexes 
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in both species. The same expl anation is probably applic.able to the 

colour change in 1.urticae during ~inter and spring. 
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CHAPTER 4 

MATERIALS AND METHODS 

4.1 THE s rRA INS OF SPIDER MI TE'S 

For t he pr esent study, t he following s tra i ns (coloni es) of 

1.urticae a r e used: 

1. Pa lmerston North Normal (PN) A norma l ( s us-

c eptible ) colony colle cted i n Pa lmerston horth, North I .s lc.s.n..;., off 

garden beans. 

2. Hav elock North Resi stant (HNR) 

ecte d from Hav eloc k North, North I s l a nd . 

3. Levin Re sistant (SP) 

ected from Levin, North I s l a nd , off Chrysanthemum s . 

A colony coll-

A c olony coll-

4. Levin Horticultura l Re search St a tion Resistant (LHRS ) 

A colony colle cted from Levin Hort icultura l Research Station. 

5. Ettrick Resistant (ETTR) A colony coll-

ected from Ettrick, South Isla nd, off strawberries. 

6. Lines Resista nt (LINES) A colony coll-

ected from strawberry ..; l ~. nt ~ i n Levin 1'rom tht: lJropc. rty oi:.1.-r., Lines. 

4 .2 MA I NTAI NANCE, IS OLA TI ON AND DISPCBAL OF SPIDER MITES 

The six stra ins of 1'..urt.icae mentioned above ~re r eared on 
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dwarf bean l eaf cultures ( Phaseolus vulgar is) in a thermostatically 

controlled room of 25°0 (24°0 - 27°c) . 

Each leaf culture consi sts of a primary bean l eaf pressGd on 

a ball of cotton-wool which has been dipped in a nutrient solution 

(which conta ins 21.3 gm of KN03' 12.7 gm of Mgso
4

.7H20, 14.1 gm of 

KH2Po4, 0.5 gm of (NH
4

)2so
4 

and 18.6 gm of ~1H4No3 in 2,500 ml of 

wa t er). The cotton-wool, contained in a perforated aluminium foil 

dish, is pl a ced on a pl astic trQy (Plate 1) which contains some 

water to keep the cotton-wool moist and the leaf turgid at all times . 

Whenever the wa ter l evol is getti ng low, f urther water is added . 

Since the room is totall y closed from sunlight, continous 

a rtificial lighting is employed to provide long day environment 

which provides optimum devel opment for mites (Plate 2). Healthy green 

l eaves are necessary for .th.e:c,µturing ._; of mites (light ' i~tens ity and · 

quality were found to be. irriporta.nt ·.f actors in the growing of beans) . 

To keep a continu~l and essential supply of bean l eaves, 

primary l eaves of beans at various st~ges a r e grown. This i s achieved 

by sowing bean seeds at intervals of 3-4 days . For germination of 

seeds, a peat and vermiculite mixture is used . By trial and error, 

it is found that application of f ertilisers (N,P,K) increase the 

growi.ng r.a.te and µie quality of bean l eaves . 

As t he mites are extremel y light animal s (5-25ug per organism; 

Ballantyne, 1966), and can be carried on n ir currents and clothing 

e specially as a consequence of spinning, the isolation of various 

colonies and crosses is an important consider ation. Movement of in­

dividuals from one colony to another can completely alter the orig­

inal genetical constitution of the strains a nd to overcome this, 

sever al preca utions a r e taken. First, a dequate water is added to 
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plastic trays so tha t the cotton-wool will be moist all the time and 

will stop mites from migrating from one alwninium foil dish to 

another . Second, the marginal edge of each leaf culture is further 

isolated by a l ayer of r a ised cotton-wool. Third, the water in each 

plastic tray serves as a barrier to the various a luminiwn foil dishes. 

Fourth, the culture room is kept drn.ught free . 

After 2-4 weeks , new cultures ar e made to replace old ones . 

A piece of old l eaf of each strain i s introducod onto t he new l eaf 

culture by means of a hand clipper and a pair of sds sor . Hites, 

a fter finding that the nutrients are becoming depleted in the old 

piece, migrate to the new l eaf in search of new colonising grounds 

to l ay eggs . As contamina tion of mi tes can occur by way of con~~m­

inated equipment , precaution i n the form of flushing the tools in 

running tap wa t or are made before and ,'.J.fter the introduction of old 

culture into the new one . 

Old cultures a r e discarded with appropriate precautions 

taken to ensure that r ema ining mites ar e dead. 

4.3 TOXICOLCXJ.I CAL TF.STHJG 

The toxicological method used in this study is the slide-dip 

method, which w~s first used by Voss (196l)(Plate 3). ~ slide consists 

of an ooj ect glass· on which a piece · of double-sided-sticking tape is 

pressed. On this tape, 30-35 mites are stuck dorsally with the aid 

of a small brush which is wetted at the tip . The slides are checked 

4-6 hours later and those mites which have died or injured owing to 

ha ndling are removed by means of a needle . Then the slides are dipp­

ed into the desired acaricide and concentration for 10 seconds. Imm­

ediately after dipping, the slides are dried ~ith small pieces of 



Plate 1 

Plate 2 

Leaf cultures on a plas t i c t r ay . 

Trays of' lea1' cultures kept in 
.long day.length ~nvi1·onment . 

52a 



Plate 3 Glass slides with aoubJ.e- s"t1cking 
Lapes c0nta1n1ng rn1"tes p~~ceu 
dorsally . 

52b 
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0 
filter paper and placed in an incub~tor at 25 C. Mortality i s deter-

mined after 24 hours. A mite which moves its l eg after being touched 

with a fine brush is considered to be alive. 

For toxicological t esting by slide-dipping, age uniformity of 

mites is an important faetor for obtaining r oliable r esults. To ach­

ieve this, eggs .'.l re l a id in waves by fertilised females of desired 

stra ins or crosses on several l eaf cultures , each conta ining 50-60 

f emales which l a id from 600-1000 eggs . Usually two egg waves are 

required, each consisting of 2-3 days of egg laying. The second wave 

of eggs serves as a precaution in case ther e is somo misfortune with 

the first wave (eg . non-uniform responso which r equires t esting to 

be repeat ed, incorrect estimation of concentr a tion range or inadequate 

nwnbor of mites) . Normally, one egg wave is adequate to allow t esting 

of approximately 7-12 conventrations involving 630-1080 mites . Just 

before the mites develop into the adult stages the t eliochrysalids 

are tra nsferred to fresh new cultures where they feed on fresh 

l eaves for 2-3 days. Mites obtained in this way a r e not only uniform 

but healthy, the l ater condition being an important criterion in 

obtaining uniformity of response . To obtain DM-line s which may l ater 

be used for comparative purposes, a more or l ess standardised level 

of mite vigour has to be emphasied 

4.4 SELECTION TEvHNI QUE (LEAF-DIP) 

A nwnber of femnle teliochrysalids are collected and placed 

on a detached leaf culture. After their emergence, the mites are 

transferred to a nother leaf culture which had been dipped in a tox­

i cant of known concentration ( a discriminatory dosage -which compl ­

etely kills the normal population but spares the resistant popula-
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tion) . Surviving mites (after 1-2 days of tcxic~nt exposure) a r e 

tr1nsferred to an untreated l eaf culture where males of the desir ed 

str a in for cros s i ng a r e introduced . The fer tilised femal es , after the 

removal of males, <i.r c allowed to lay egg waves as described befor e 

(4.3). 

4. 5 MOTHER x SON INBREEDING 

Tho mother x son inbreeding is performed 3.s follows : .i.bout t en 

unmated fell1£lles which survived f r cm a 1-2 days exposure to a discri­

minatory dosage using the leaf-dip technique ~re isolated s i ngly on 

leaf cultures . The haploid eggs ar e all owed to develop to adults such 

that mating between sons and mother s can take place . The femal e pro­

geny from the mother x son cr oss ar e tested with a discriminatory 

dosage by using the slide-dip . The populations which give ::.i. near 100% 

survi val a r e selected and bred for further study. Theoretically, the 

haploid males from the virgin mothers should be tested for full r esis­

tance to determine the genotype of the latter before any inbreeding is 

pr oceededo This is due to the fact that in the fertilisation of spid­

er mites , only one mating is usually effective (Helle , 1967) and in 

the case of an inbreeding starting from a virgin female heter ozygous 

for r 6sistance , there is a 0 . 5 probability that the mother will be 

fertiliz ed by a son bear ing the R genotype , resulting in the product­

ion of RR and Rr individuals. Rr femal es a r e heterozygous for r es i s­

tance and because of the domi nant character of the resistance factor , 

they may be mi staken f or RR homozygotes. Despite the attr active-

ness of the latter procedure , the testing of haploid sons i s not poss­

ible for two reasons~ They a r e more liable to i nj uries caused by hand­

ling than the females a nd tend to wander off into the cotton-wool. 
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Schematically, the mother x son inbreeding is pr esented 

,-1.. Homozygous resistant mother 
I 

selection with 1,000 ppm parathion (leaf-dip) 
I 

i--/\-i 
Re?' R6' 

urnna ted mother 

haploid sons 

RR¥ RR~ test with 1,000 I -tppm parathion usJ Homozygous ~esist-
______ J ing slide-dip ant population . 

B. Heterozygous resistant mother 
I 

selection with 1,000 ppm para thion 

J 
/"' Ref'< r 

llll!l1a t ed mother 

haploid sons 

Rr~ Rr 0 rri t~st w~th 1,000 ppm RE: j ects 
-............ I 1" " 2r2th1on using 

· slide-dip 

-~t~e~s~t;_;.:,w=i~t~h_l=-z..0~0~0~=::.....<=r~a~t~h~i~o~n:-:::u~s=i=- Rejects. 
slide-dip 

NOTE: Selection using 1,000 ppm of parathion is regarded as 

vigorous and probably mites showing heterozygosity for 

resistance will be eliminated. The ones that survive 

are probably those that are homozygous for resistance. 

However, the possibility of heterozygous resistant 

mites being mistaken for homozygous ones, is not 

totally excluded • The homozygosity of inbred popula­

tions, as a r esult, cannot be confirmed until the 

DM-lines are obtained. 
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4.6 MITE CROOSING AND HANDLING METHODS RECIPROJAL CROOSES 

Crosses of mites between strains a r e performed on sine;le 

leaf cultures . A number of f em~le teliochrysa.lids of one strain 

(30-40) are placed on a leaf culture and males of the opposite strain 

a re introduced . Since the sex-ratio of female to male in the popula­

tions of 1.urticae fluctuates betvleen 2- 3, the mal es to female r atio 

used for crossing can be estimated to be 1:2 or 1:3. Thus, for the 

present experL~ent , usually fifteen to thirty males ar e used for 

crossing with a corresponding nQ~ber of 30-40 females . Usually, 

males ar e introduced to the female teliochrysalids befor e emer gence 

but this technique is not applirable in instances where the male 

and female teliochrysalids a r e not clearly distinctive . When such a 

situation occurs, the female teliochrysalids ar e allowed to hatch 

before males a r e introduced so as to ensure that the teliochrysalids 

give rise to females . 

The males and females ar e mixed for about 48 hours, a time 

period which is adequate to fertilize a11 the females . The males 

a re removed and the females ar e l eft to lay egg wnves . 

The r eciprocal crosses rrr e carried out as shown below : 

p RRi x rd" 

..,_ __ sterility per­
centage and 
sex-ratio (S . R. ) 
determination 

Fl &i 

1 
toxicological test (DM-test) 

rrf. x Rd" 

,,_ __ sterility per­
centage and 
sex-ratio (S . R.) 
determination 

0 

r 
toxiocological test (DM-test) 
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4.7 BACKCRQSSING WITH SELECTION 

Backcrossi:ng with selection serves to sucstitute alleles of 

the resistant strain for those of the normal strain excepting the 

resis tance 8ene which mainta ins its position c.iu(.; to sel ection prus::i­

ure. The end product , after randan mating and selection, is a strain 

with 11 homogeneous genome but conta ining the isolated resistance 

gene . For backcrossing, virgin femal es of the r esistant strains ar e 

backcrossed to PN males and selected with parathion-methyl . O..,ing to 

the shortage of time, the number of oockcrosses was limited to four. 

The scheme for backcros si:ng is presented a s follows: 

P ~ x PNcf7 

L sterility percentage (S . P. ) and sex-ratio (S . R L. r (S . R.) determination 

F
1 

Rix PNc?f 

~ S . P. a nd S . R. determination 

B1 Sel ection - Rix PNc?' 

~ S • P. and S • R. determination 

B2 Selection -:-~Rf x PNd' 

b S.P. and S . R. determination 

BJ Selection . R~ x PNd' b S.P. and S .R. determimtion 

B 
4 

R_t, Rei" 

i 
Random mating with sel ection 

for two generations 

t 
HCMOZYGOUS BACKCRCBSED RESISTANT POPULATION 
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4.8 CONSTRUCTION OF DM-LINES 

In order to construct the DM-lines, female mites of uniform 

constitution (2-6 days old) are slide-dipped using f :.010 or more 

concentrations of toxicant, depending on the variability of the 

r esponse . For each concentration, 90-130 mites a r e used . 

'fhe mort:11i ty figures ar e corrected with the mortality of 

the control a ceording to Abbot I s formula , a - b (Abbot, 1925), 
100 - b 

where 11 a 11 is the observed mortality of the concentration and 11 b11 the 

mortality of the control. Finney's (1952) probit analys is is used 

to determine the probit regression line 2nd the 9'J7/, confidence 

limit. 

Approximately, three to nine points a r e adeqt1-2te for the 

definition of the DM-lines. For more accurate r esults, the points 

between mortalities of 8% and 30% ar e considered for fitting the 

DM-lines by eye . Mortalities below 30% and above 85% can show some 

degr ee of plateau effect which may confuse the true position of the 

DM-line. 

4. 9 A GARI CIDi,L W. TE RIALS 

The following chemicals are usdd for testing and study: 

OQ1MGN NAME TRADE NAME ClIEMIGA.L NAME GRCUP CLASSIFICATION 

Parathion-methyl Folidol M.50 dimethyl 4-ni- Organophospha t e 
5Cff:, w/w trophenylphos-

phorothionate 

F ormetana te - 3-dimethylami- Carbamate 
92% w/w nomethyllenei-

minophenyl N-
methylcarba:na-
te 



59 

CCViMON NAME TRADE NAME CHEMICAL . NA.ME GROUP G1..ASSIFI ~ TION 

- Plictran tricyclohexy-
5Wo w/p 1 tin hydroxide Ungrouped 

Dicofol Kolthane AP 2,2,2-trichl- Diphenyl 
18 .5% w/w oro-1,1-di-(4-

chlorophenyl) 
ethnnol 

Kelthane was ~bandoned later after some preliminary use 

because the toxic~nt did not give a uniform kill. Even among the 

slides which had been slide- dipped in the same concentration, there 

was very clea r indica tion of variability in r esponse . Another diff­

iculty associa ted with the use of Kelthane is that the distinction 

between the dead and living is difficult to a scertain as compared 

with the other chemicals. 
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CHAPTER 5 

P..ESUL'IS 

The present study involves three main areas and the results 

can be conveni ently presented under the following headir1gs. 

5.1 TOXICOLOOIOlL STUDY 

'lliis section cont'.i ins only the essential and most significant 

numerical facts. The original figures from which all statistical 

data and DM-lines have been calculated are presented in the Appendix. 

5.1.1 Toxicological responses of the orig1nal strains 

The toxicological r esponses of the six selected colonies to 

parathion-methyl, forrnetanate , tricyclohexyltin hydroxide and dicofol 

were studied by using the slide-dip technique (4.J). 

a) Response to parathion-methyl (Organophosphate) The 

results for parathion-methyl are presented in Table 1. Their DM-lines 

are shown in Fig. 1. 

The results indicate a wide R:S (i.e. resistant:susc~ptible) 

ratio in LD50 values for parathion-methyl. Resistance to parathion 

appears to be highly developed , indicating that parathion is proba­

bly ineffective in the field control of parathion-resistant mite 

populations. 

All the DM-lines except HNR (data not included in Table 1; 

data are presented in nppendix 1 and the DM-line in Fig.l) 
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PN 

ETTR 
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LINES 

SP 
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Table 1 Summary of the Dosnge-Mortali ty Response of the 
PN, ETTR, LHRS, LINES a nd SP Strains of ,1\urticae 
to parathion-methyl • 

LD50 in 95% Slope SE 7....2 LD50 Ratio 
ppm Confidence Limits b (b) Ii. stn.in 

S strain 

52.07 68.4-55.9 6 . 64 0 .73 3 .02 

254.90 228.9-278.8 4 .69 0 .49 1.42 4.9 

30,680.00 32,950-28,220 5.86 0 .49 2 .60 589.2 

15,260.00 16,500-13,960 4.29 0 .35 5.21 293 .1 

42,440.00 46 ,140- 38,930 4.24 0 .45 2.33 815 .1 

show steep slopes, indicating that all populations except HNR are 

homogene ous in r esponse to parathion. The hi gh slope values for thes e 

homogeneous r es istant populations (LINES , LHRS, SP '.l.nd ETTR) sugges t 

that they a re advanced in t he development of r esistance to parathion, 

since popula tions · in the procE::ss of r e sisfance development uswlly 

exhibit low-slope DM-lines, 

The step-like DM-line of HNR indica t es that the population i s 

heterogenous or segr egating for r e sistance. Two types of mites a re 

present: resistant and susceptible individuals. The f act that the 

platea u is a t the 75% mortality shows that the proportion of suscep­

tible to resistant mites is 3:1. Two explanations ar e possible: The 

HNR population may be contaminated by a susceptible population; or 

the HNR population has reverted. 

To investiga te these possibilities, a nd in a n a ttempt to 

derive a homozygous HNR resistant population, a procedure involving 

mother x son inbreeding plus selection (1000 ppm) was carried out 

according to the protocol given previously (4.5). If the proportion 

of susceptible females in the HNR population is taken as 75%, and 
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a ssuming a single dominant gene confers r esist13.nce then the geno­

type distribution :1r.10ngst f emales.iw·otild be expected to approxima t e 

Phenotype 

Genotype 

Frequency 

susceptible 

rr 

r osistqnt Alleles R r 

RR Rr Frequency 0 .13 0 .87 

0 . 02 0 . 23 

(It i s assumed that the male haploid situation pll.r allels that 

for '1 sex-linked gene.) 

The intense sel ection (agains t susceptible individuals and 

possibly some he t erozygotes) together with inbreedi ng would be ex­

pected to r esult in a population in which the r esistant proportion 

(males and f emal es) was a t l east 50% and probably approached 75% . 

However , the plateau for the progeny of t he mother x son inbreeding 

plus selection pr ocedure r emained about the same a s the original 

population (25% r esi stant :i.ndividua.ls) . Repen t ed a ttempts likewise 

r esulted in fa ilure to increase this proportion significantly or to 

establish a homozygous population. Later , a HNR homozygous r esistant 

population was obtained with difficulty and involving a system of 

ba ckcrossi ng to PN with selection. From these findings, it is con­

cluded t hat cer t~in important vigour factors a r e probabl y pr esent in 

HNR which prevent the a t tainment of homozygosis . Hence contamination 

is considered unlikely to be the cause of the apparent segr egation in 

this population. 

b) Response to formetanate (Ce.rbarnate) The results 

f or formetarn.te a r e pr esented in Table 2 . Their DM-line s a r e given 

in Fig . 2 . 

The r esults indicate high LD50 ratios of R:S but they are 

not as wide as for parathion . Nor a r e the DM-lines as steep as those 

r esponding to parathion, showing that response to carbamate is not a s 
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Table 2 

LD50 in 
Strain ppm 

PN 166 .2 

El'TR 595 .7 
LHRS 23,440 . 00 
LINES 21 ,960 .00 

SP 7,185 .00 

Summary of the Dosage-Mortality Response of 
the PN, ETTR, LiiRS, LINES and SP Strains of 
1 .urticae to formetanate . 

95% Slope SE LD50 Ratio-
Confidence Limits b x.2 R st1ain 

(b) S str:~in 

372 .3- 92 . 51 1.67 0 .13 35 .50 

702 -497 .4 1.97 0 .15 3 .99 3. 6 

29 ,250-18,780 1.41 0 .15 4 .26 141 .0 
26 ,230-18,850 2.06 0.20 0 .15 132.1 

9,319-5,049 1.52 0 .18 4. 26 43 .2 

homogeneous as that to parathion. The HNR population was not used 

for study because of its heterog6nous response to perathion . 

c) Response to tricyclohexyltin hydroxide (Plictra n) 

The results for Plictran , an ungrouped compound , are presented in 

Table J . The DM-lin0s ar e shown in Fig . 3 . 

Strain 

PN 

ETTR 

LHRS 

LINES 

SP* 

Table 3 

LD50 in 
ppm 

4,688 

8,880 

16,270 

31,170 

-

Summary of the Dosage-Mortality Response of 
the PN, E'ITR, LHRS, LINF,S and SP str ains of 
1 .urticae to Plictran . 

95% Slope SE -,: LD50 Ratio 
Confidence Lirni ts , b (b) R strain 

S strain 

9,124-2,051 1.49 0 .34 26 .(fl 

5.5 ,800- 4 , 365 2. 06 0 .61 66 .13 1.9 
23,240-11,690 2 .94 0 .45 12 .27 3. 5 
34, 990-27 ,170 4 .80 0 .53 0 .69 6.6 

- - - - -. 
*Cwing to the lc:M number of Sf female mites available at 
the time of toxicological t esting, only a small number is 
used . The results ('Which ar e in Appendix 1) are thus not 
statistically analysed. 
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Resistance is only slightly indicat ed in the LD50 values; 

probably the small LD50 r a tios in R:S values i s a reflection of the 

differ ence in vigour fa ctors. 

d) ResP.onse to dicofol (Or~9 nochlorine ) Since all 

the parathion r esistant s trains exhibit the same r esponse a s PN to 

Keltha ne , it can be implied that resistance to Kelthane is non­

existent in the stra ins under study . It is L~portant to note that in 

comparison with par athion, formetanate and tricyclohexyltin hydroxide , 

treatment with Kelthane did not produce uniform mortality r esults, 

l eading to diff iculty in drawing accurate DM-lines. In spite of the 

non-uniform mortality results, the testing system would permit the 

detection of Kelthane resistance if it is present at all . The non­

uniformity in r esponse of mites t o Kelthane probably lies in the 

specific a ction of Kelthane which causes mites to be morbid over a 

long period, a condition which is intermediate between dead and 

living. 

The differences that occurred in the r e sista nce l evels of the 

six colonies to the three acaricides , parathion, formetanatc and 

tricyclohexyltin hydroxide indica t e that each of these is a toxico­

logical ly distinct stra in of two-spotted spider mite. If toxicolog­

ica l response is a criterion for delimiting strains, then there is 

no stra in distinction a s r egard to response to Kelthane. Thus delim­

itation of strains using toxicological response as a criterion is a 

matter of convenience. Another criterion based on incompatibility 

is a more accurate approo.ch to strain delimitation. 

5.1.2 Toxicological response of the h<:irn.Czyeous backcrossed 
resist~pt strains. 

These strains were produced by the system of backcrossing and 
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a nd s election given in chapter 4 (4. 7). Each of the original popula ­

tions underw ent four gener a tions of backcrossing to PN and selection. 

A selection intensity of 250 ppm of par a thion was used. Since a 

concentra tion of 250 ppm will kill all the F1 offspring of ETrR x PN 

cross, the backcross serie s starting from ETTH was abandoned. 

The r esults for para thion-methyl ar e presented in Table 4 

and their DM-lines in Fig . 4. 

Table 4 

LD50 in 
Strain ppm 

HNR..PN 6,476 
SP.PN 9,055 
LHRS .PN 19,300 
LIJ\1ES .PN 20,210 

Summary of the Dosage-Mortality Response of 
the HNR.PN, SP.PN, LHRS.PN and LINES.PN 
Ba ckcross ed Strains to par athion-methyl. 

95% Slope SE A,2 LD50 Ratio 
Confidence Limits b (b) R strain 

S strain 

3,575-9,506 2.42 0.38 8.63 124.4 

9,610-6,923 1.47 0.22 0.04 173.9 

22,550-16,620 2.67 0.29 5.81 370.7 

27,390-15,590 2.95 0.87 16.04 388.1 

Results indic2te tha t resistance for parathion-methyl is 

maintained. The four stra ins responded in the same manner (as shown 

by the slopes and positions of the DM-lines) a s the corresponding 

original strains. The small shifts to the left, when compared to the 

original popula tions, are probably due to loss of some vigour 

factors. 

The results for formetamte are presented in Table 5 and their 

their DM-lines in Fig. 5. 

Results indicate tha t there is no change in the response 

pattern when ccmpared with the original strains, except for a small 
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Table 5 

LD50 in 
Strain ppm 

HNR .PN 1,023.00 

SP .PN 1,035.00 
LHRS . PN 13 ,830.00 

LINES . PN 9,614 . 00 

shift to the l eft. 

Swnmary of the Dosage-Mortality Response 
of the HNR . PN, SP .PN, LHRS . PN and LINES . PN 
Backcrossed Strains to formetanate . 

71 

95% Slope SE -x; LD50 Ratio 
Confidence Limits b (b) R strain 

S stra in 

2, 521-258. 5 2.71 0.73 18.09 6.2 

1,445-687.9 1.51 0 .16 24 .94 6.2 

20 ,640-8, 054 2 .13 0 .34 10.62 83.2 

15,810-472.o 1.76 0 . 31 20.19 57.8 

By comparing the toxicological r esponses of the five original 

stra ins (SP, LHRS , LI NES , ETTR, PN) to par athion-methyl and formeta­

nate , one deduction can be made: the r esistance patterns of the five 

strains to par athi on and formetanate are more or less similar;th,it is 

the r esistance order for par athion is SP) LHRS >LINES > ETTR > PN, a nd 

for formetam t e , LHRS >LINES > SP ) ETTR ) PN, in decreasing order of 

resistance , with SP alone appearing exceptional. By examining the 

homozygous backcrossed r es i stant strains of LHRS, LINES and SP 

(LHRS.PN, LINES.PN and SP.PN) in their response to parathion a nd 

formetanate , the LHRS>LINES)SP in decreasing order of resistance, 

seems to be operative . This leads the author to conclude tha t some 

vigour factors are probably involved in SP in producing small diff­

erences in response to a toxicant. Thu~, it is logical to say that 

.the pattern of r esponse to formetana.tu and parathion·is·cf the order 

LHRS ) LINES > SP ) E'M'R > PN, which means that the response pa tter·ns , :of 

the various colonies_ to parathion and·-f'ormc t'ln'lte ar e siviilar. Thus 

cross-resista nce of µrrathiop and formetanato is implied. 

The adoption of a repeated backcross procedure to differen-
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tia te whether cross resistance or multi-resistance is operating is 

based on the assumption that the factors f!ausing multi-resistance 

are separ ate distinc:t entitiese If the situe.tion is such that the 

phenomenon of multi-resistance i s due to closely-linked genes , r ep­

eated backcrossing will not be able to separate the resistances and 

multi-resistance can be mistaken fo:c cr o :s r es i stance . 

For multi-resistance to oe opera tinz in the situat ion undor 

study~ several condit ions h/3.VO to be asswned . First, formetanate must 

have been used before in all the a r eas from where the colonies were 

collected and; a t the moment of coll ection, formetanate resistance 

had a lready developed; second, forrnetanate r es i stance would have had 

to develop proportionatel y to the degree of pa. r .g_ thion resistance; and 

third, if the degr ee of formetanate resistance development is depend­

ent on selection pressure , the number of gene r at ions per year, mite 

number, etc., these fa ctors must be operat i ng in the right combina­

tions to give a forrnetanate resistance pattern of LHRS)LINES > SP ) 

F.TTR, an occurrence which is vs ry unli'.-:c:ly, 

The r esults of the response of LHRS.PN , LINES.PN, S?.Prl and 

HNR.PN to tricyclohexyltin hydroxi de (Plictran) a~e pr esented in 

Table 6. The DM-lines a r e shown in fig. 6. 

Table 6 

LD50 in 
Strain ppm 

HNR.PN 2,915 
SP . PN 5,988 

LHRS.PN 

LINES . PN 

l 7,256 

r 

Summary of the Dosage-Mortality Resp onse of 
the HNR .PN, SP .PN, LHRS .PN and LINES .PN 
Backcrossed Str ains to Plictran. 

95% Slope SE -i LD50 Ratio 
Confidence Limits b (b) R strain 

S strain 

3 ,49 3-2) 306 2.90 0.34 1.75 0,6 

6 ,861- 5~139 J.23 0.37 2o57 1.3 

DM·-line shows high h e l~.rogent;i ty 

e, 260-6,197 I 3.42 I 0.45 0817 1.6 
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Results indicate that resistance to Plictran is not detecta­

ble· 'I'he fact that a small degree of tolerance or resistance is 

implicated in the original populations and not in the homozygous 

backcrossed resistant populations, serve to indicate that the small 

resistance exhibited by the original populations is due to some 

vigour factors which had been removed by r epeated backcrossing . 

5.1.3 Toxicological response of the hornozygous backcrossed strain 
of HNR 

It can be recalled that an attempt to obtain a homozygous 

resistant population from HNR had ended in failure (5.1.1.a). How­

ever, when HNR was repeatedly back crossed to PN, a homozygous ba.ck­

crossed resistant str ain of HNR was obtained without the occurrence 

of reversion. ·rhe fact that a stable population can be obtained by 

crossing HNR with PN points out that some factors from PN must be 

involved in producing stability in HNR.PN. That 'vital factors' are 

involved can be substantiated by the observations that the origiral 

HNR population and the HNR inbred populations are less vigourous 

than the HNR.PN (i.e. longer development period, higher adult mort­

ality and lower nwnber of eggs produced). Possibly the factor for 

parathion resistance in HNR is deleterious in the absence of the 

'vita l factors' and thus cannot exist in the homozygous condition. 

Recessive lethal or semi-lethals can only persist in the male 

haploid system when the frequency of hcrnozygous resistant indi­

viduals is less than?$. 

5.2 INHERITANCE OF RESISTANCE 

Of the four acaricides (parathion, formetanate, tricycle-- .. 
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hexyltin hydroxide , a nd dicofol) used in the pr esent stuiy , par a thion 

appears to be the mos t appr opria t e toxica nt f or t he genetical studies 

of r esistance (a s indica t ed by t he hom oge neity and s teep slope s of 

the DM-lines). 

5.2.1 Re ciprocal crosses be tween r esistant a nd nonnal s t r a ins 

The obj ect of r ecipr ocal crosses between individuals of the 

R and S stra ins is t o det ermine t he degr ee of domi nance of the 

ge netic f actor or f actors f or r esi st ance , to a scerta in whe t her both 

sexes can transmit t he r esist~nce char act er, a nd to observe a ny 

cytopl a smic influences. 

The r eciprocal crosses wer e carried as described before (4.6). 

For t he r ecipr oc:11 crosses , thr ee parathion r es i stant popula tions 

wer o sel e cted for study (SP , LINES a nd LHRS ). O.,, ing t o t he low number 

of mites available in t he F1 gener ation (as a r es ul t of inter popula­

tional infertility ), only tw o r eplicates of each c oncentrf:'t ion wer e 

used f or t oxicologi cal det ermina tion. 

The r esult s of the r eciprocal crosses of LI NES , LHRS a nd SP 

a r e pr esented in Tabl es 7, 8 a nd 9 a nd their DM-lines in Fi gs. 7, 8 

a nd 9 respectively. 

T.'.l':)l e 7 Summar y of the Dcsage-Mortality ~sponse of 
the F1 Progeny From the Reciprocal Crosses 
of LINES and PN to para thion. 

LD50 in 95% Slope SE ~ LD50 Ratio 
Cross ppm Confidence Limits b (b) R stra in 

S strain 

F1isfrom 
LINES~xPN3 

12,460 14,J60-10,920 4,67 o.65 0.08 239.3 

F 1.i,rrom 
LINES6'xPNi J,967 4,729-3,226 2 .51 0.27 0.07 76.2 
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Table 8 Swnrnary of the Dosage-Mortality Response of 
the F L Progeny From the heciprocal Crosses 
of LHlli a nd PN to par a thion, 

LD50 in 95% Slope SF 'X..2 LD50 Ra tio 
Cross ppm Confidence Limits b (b) R stra in 

S stra in 

F ~from 
L~RS~PNd'1 15,120 31,440-7,069 2.03 0.49 44.59 290.4 

Fnlfrom CMi~ t o t he high value of I g 1 , the da t a a r e not sta tist-
L 6xPN,l'.- ical y :u ialysed 

Table 9 Swnrnary of the Dosage- Mortality Re sponse of 
the F1 Progeny From the Heciprocal Crosse s 
of SP and PN t o parath ion. 

LD50 in 95% Slope SE -x..2 LD50 Ratio 
Cross ppm Confidence Limits b (b) R stra in 

S stra in 

FP~from 
S PN~ 7,457 11,980-2,440 2 .76 0.66 18.01 11+3 .2 

F1 ~i; from 
SPcxPNi 

3,252 6,700-203 .4 ?. . 33 0.58 9.43 62.5 

' 

The data show tha t the progeny of all reciprocal cros ses are 

semi-dominant or dominant. The char a cter can be transmitted equally 

well by hoth sexes. A slight influence of the cytoplasm is apparent 

but the degree is not gr eat. The difference may be due to cytoplasmic 

vigour tolera nce factors or to mclear-cytopla smic intera ctions. 

Anyway, the DM-lines of the reciprocal crosses seem to indica te that 

resistant heterozygotes conta ining cytoplasm from the r esistant 

strains have a higher resistance than the resistant het erozygotes with 
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cytopla sm from the PN stra in. This i s probabl y due to pr edet erminati on• 

A certain degr ee of incompatibility is observed in the 

r e ciprocal crosses . This effect will be the next field of study 

(5 • .3) . 

5. 2 . 2 Backcrosses be tween the r esi s t a nt F1 and normal 

This i s t o det ermine whether t he backcross progeny would 

s egr egate into r atios suggestive of Mendelian i nheritance of r esis­

t ance . The r eciprocal ba.ckcross between the r esistant F1 a nd normal 

is outline~ in chapter 4 (4.6) . The backcros s f emal e progeny (B1 ) 

wer e subj ected t o a full DM- test in each case . For a test, about 

12-14 concentra tions wer e used . Owing t o the high percentage of dead 

eggs, 1-2 r eplicates wer e used for each concentrati on. 

The r esults for t he backcrosses a r e pr esent ed i n Appendix 1 

and their DM-lines a r e i n ? i gs . 10 , 11 a nd 12 . 

The backcr oss progeny have segr egat ed i nto tw o classes, 

r esistant and susceptible , si gnifying a populati on which i s mixed 

or heter ogeneous . 

The clear cut 1:1 segr egati on of Rand S phenot ypes in the 

ba ckcros s F2 generati on implies that r esi stance may be attributable 

to a singl e Mendelian f actor . 

However, it i s still pos si ble tha t other modifyi ng gene s 

may play a consider able role in the expressi on of the r esistance 

chara cter . It i s also possi bl e tha t a polygenic sys t em is "mimicing" 

simple Mendelianism . 

5 . 2 • .3 Repeat ed backcrosse s with selection 

The partition r atio of the firs t ba.ckcross is sugges t ive of 
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a single major gene controlling r esistance . To confirm this conc­

lusion and to elimi nate the likelihood of a polygenic system behav­

ing in a simila r manner as a monogenic system, r epeated backcrossing 

of r esistant str ~ins to PN with sel ection at each generat i on was 

under taken. The procedure i s the same as outlined for the backcross 

scheme in the first part of t he experiment (4 . 7 ) . The r esults ar e 

presented in Table 4 and their DM-lines in Fig . 4. 

The homozygous backcros sed r esist.<i.nt populations (LINES .PH, 

LHRS .PN and SP.PN) di d not show any significant decrease in r esist­

ance (less than 50%) . 'Ther efore , i t suaeest s that monogenic cont rol 

of r esi stance holds in the three stra i ns of two-spotted spider mite • . 

5.3 INGCMPATI BILI 1Y 

When diff er ent i solates of two-spotted spider mites from 

either widely separate or adjacent geographical r egi ons ar e crossed , 

it is often observed tha t va rious degrees of infertilities (as 

expr essed by the percentages of dead eggs ) occur. To de t ermine the 

degr ee of incompati bility (degr ee of infertility, egg mor tality, or 

steril~ty percentace) _'llll~ng the six mite coloni~s and the .oa.tuxe 

of the incompatibility factor br fa ctors, the follOTt i ne study was 

undertaken. 

5.3.1 Intrapopula t i onal crosses 

Crosses wer e made be tween individuals within each of the six 

stra ins according to the scheme described before (4 .6). The egg 

mortality wa s determined for the F1 , F2(haploid and diploid) and 

F2(haploid) generations . The results ar e presented in Table 1 0. 

The r esults indicate that crosses with mites from the same 



Table 10 Intrapopul ational anu Interpopul&tional Crosses of Six Strains of !.urticae. 85 

5~ of Unvi able Eggs of Mass Crosses ;o of Unviable Eggs P:1:0J..1ceu By ;lo of unviable ~ggs Protiuceu by Tel-
Between Different Populations Hybrids From Mass Crosses Between iochrysalids From Mass Crosses Bet-

Different Populations ween Different Populations 

F1 F2(haploid an~ diploid) F 
2

(hapl oid) 

i~ PN HNR LHRS SP ET'l'R LINLS PN HNR L.BRS SP .1:!,~TR LII'fo,S PN HNR IlIRS SP .f!.""l'TR LINES 
t 

4. 0 17. 5 39.1 22. 8 5.5 16. 3 5. 4 6. 7 62. 3 66. 2 32.5 92. 0 5. 1 10. 3 73 .4 81. 9 58. 6 96. 1 
PN ( 2. 2) (0. 9) (0. 9) (1.0) (1. 9) (1.9) (3 . 2) (2. 6) ( 2. 0) ( 2. 1; (3 . 2) (5 . 5) - - - - - -

1. 9 2. 5 2. 3 12. 0 6. 3 4. 1 10. 5 4.1 62. 5 65 . 4 14. 7 55. 8 39 .4 22. 4 77. 2 55. 7 41.4 59. 8 
HNR (1. 6) (4. 0) (2. 5) ( o. 7, (3. 2) (3. 7) (5. 0) ( 6. 9) (1 . 9) - (1.6) (1. 7) - - - - - -

8. 4 7.4 10. 8 5.3 . 7 10. 0 15. 5 51.1 40. 2 26.1 94. 3 69 .5 71. 9 73 . 6 63 . 9 19. 2 - 79 . 5 40. 6 
urns (o. 8) (1. 9) (2.1 ) (1.4; ( 2. 7) (LO) (6. 7) (4. 6) (1.4) ( 2.0; (1. 5) (1.6) - - - - - -

2. 6 42. 7 43. 7 4.1 16. 6 ) l. 7 53. 6 70.4 47. 4 7. 2 47.4 25 .1 85 .4 70.3 71. 5 20 • .3 88 . 1 83.0 
SP (0. 9) (0. 9) (1. 9) (2. 2; (0. 7) (0. 9) (4. 7) (1. 2) (3. 5) ( 2. 6, (4 . .3) (11) - - - - - -

17. 5 45. 9 ..34.1 32.8 11.4 2) . 9 13. 7 18. 9 T) . 7 52.3 6. 5 46. 3 47, 9 9. 4 94. 6 91. 6 19, 3 62.8 
ET'i'R ( 2. 5) ( o • .3) (0. 2) ( o. 6; ( 2. 9) (o. 6) (4. 1) (4. 0) (11) 1.5) ( 2. 6) (4, 5) - - - - - -

5, 0 17, 4 21. 7 35, 9 7.1 4, 7 47. 5 24. 6 2.3 . 0 61.4 50,5 21.1 82. 6 71. 7 - 78 . 2 8.3. 8 17, 4 
LINES (0.9) (o. 6) (1. 6) (1. 1; (0. 9) (1. 6) (7. 9) (5. 2) (4. 6) ( 2 • .3 ( 2. 6) ( 2 • .3) - - - - - -

Not e : Values within brackets r efer to sex ratios. 
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population do not produce any signjticant egg mort8 lity in the F1 

and F2 generations , viz . from 2 . 5% - 11 . /4% in the F1 gener ation; 

4 .1% - 26 .1% in the F2(haploid and diploid) gener ation ; and 5.1% -

22 . /4% in the F2(haploid) gener at ion . By comparing the egg mortal­

ities of the intrapopulational crosses in the F1 and F2(haploid and 

diploid) generati ons , which a r e biologically the same, it can be 

deduced that egg mort~lity does fluctuate considerably . Low haploid 

egg mortalities in the F2 (h. pl oiu) ,:<..nt-ruti0n suggt:st th .... t mtiotic 

divisions a r e occurring normally. 

Since HNR is toxicologically a heterogeneous population 

(thought to contain del eterious factors) , it may be expected that 

the intrapopulation cross will produce a high F1 1:tnd F2(haploid) 

egg mortality. However, thi s did not occur, indica ting that HNR 

individuals, a l though consisting of resist~nt and susceptible geno­

tyJ)CS (with r ef er ence to parathion) , 1:tr e chrornosomally compatible 

with each other . Thus, it can be said tha t chromosomally HNR is one 

strain but toxicologically it exhibits polymor phism . This a l so serves 

to indica te thnt probably the r esi stance factor is not involved in 

the phenomenon of interpopulational or intrapopulational sterility 

(5 .3.3) . It is however, probable that the genome originally associa­

ted with the r esistance phenotype was not compatible with the normal 

genome but that continous outbreeding had produced new gene combina­

tions which broke down the incompatibility barrier (5 .3.3) . Inbreed­

ing on the other hand le1ds to incompatibility (Schulten, 1968), 

indicating that other factors a r e ~lso involved . 

5.3. 2 Interpopulational Crosses 

The six colonies of ! . urticae were crossed r eciprocally ace-
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ording to the procedure outlined in chapter 4 (4.6) . The egg morta­

lities and sex-ratios for the intor populational crosses are presented 

in Table 10. 

5 . 3 . 2.1 Infertility of F1 generation Gener ally, the 

F1 interpopulational crosses show higher infertility than the F1 

intrapopulational crosses. This can be attributed to the higher 

degree of different gene combinations (heterozygosity) in one genome 

indicating tha t the six mite colonies ar e partially distinctive 

genetic r a ces or strains. 

The interpopulational crosses of LHRS and LINES (which are 

collected from Levin) exhibit higher sterility values than the 

intrnpopulational crosses; and this indicates tha t mite colonies 

within even a limited a r ea of distribution can under go microevolution 

which r esults in the forma tion of r eproductive incompatibility. 

5 . 3 .2.2 Reciprocal crosses In some r eciprocal crosses , 

the degree of intersterility depends on the direction of the cross . 

In two instances , the r e ciprocal differ ence in s t erility is very 

ma rked . rhey ar e : 

1. PNi x SPcf' ••••••••• • • • • 22 .8% (sterility percent~ge) 
PNd' x spi .•.. . ........ 2. 6% (sterility percentage ) 

2 . PNi x LHRS<f' ••••••••••• 39 . 10%( 
PNcl' x LHRSi ••••••••••• 8 . 40%( 

11 

11 

II 

II 

) ) 
) 

The reciprocal differences cannot be a ccowited for by the 

fluctuation in the sterility percentage (which is 2-5 times in the 

intrapopulational crosses) and must be attributable to some cytop­

lasmic f actor(s) or nucleo-9ytpplasmic interactions . 

In many other instances , there are indications of reciprocal 

differences in sterility percentage but whether the values a r e a 
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reflection of cytoplasmic fa ctor(s) or nucleocytoplasmic interactions 

is doubtful, as such deviations come within the range of intrapop­

ulational fluctuations. 

5.3.2.3 Sex-ratio of F1 In many crosses , tho sex-

r a tios (femal es:males ) i n t he F1 generati ons a r e smaller than either 

of the two par ent strains. If sex- r a tios a r e i nherited , then they 

should appr oximate those of the par ents r ~ther than becoming lower 

(Mitchel , 1972) . Since there is some degree of egg mortality , t he 

lower ed sex-ra tio can be traced to the death of diploid eggs . It has 

been shc,wn that there is a clear mating pr efer ence of T.urticae 

f emal es for males of their own strain, r eg.1.r dl ess of whether me.les 

of other s tra ins ar e immediatel y availabl e (Smith e t al., 1969; 

Di ol ema.n and Overrneer, 1973; Helle and Over meer, 1973) but whether 

this phenomenon contributes to a decrease in sex-ratio is doubtful. 

5 . 3 . 2 .4 E2(Haploid and Diploid ; Haploid) Generations 

Diagrammatically, the scheme for F2(hapl oid a nd diploid) and F2 (hap­

loid) gener a tions i s r epr esented as follo-ws: 

F 2(haploid and 
diploid) 

x<f' 

0 xx+ 

X 

b 

x Mei' 

1 XMi----~ xr? Mc?' F2(haploid) 

Mc?' xxi XMi 

In general , the data indicate that there is an increase in 

the F2 sex-ra tio compared with that in the F1 • At the same time, 

the egg mortality is much higher in the F2 (haploid and diploid) 
\ 

than in the F1 • Several conclusions ur c possible: 

1. 1he haploid eggs are affected more than the diploid eggs 
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as shown by the high sterility percentage in the F2(haploid) genera­

tion. This strongly suggests thnt chromosomal r earrangements (trans­

locations , inversions , etc . ) causing abnormal pairing r elationships 

at meiosis may be responsible . 

2. Stra in discrimination i n mating behaviour may have broken 

down giving rise to mor e diploid eggs . 

3 . Nucleocytoplasmic interactions a r e probably involved . This 

is substantiated by the observabl e differences in sterility percen­

tages in the F2(haploid and diploid) generations of the interpopula­

tional r eciprocal crosses . It is quite conceivable that the or i en~~­

tion of bivalents during meiosis in the strain hybrid female is 

dependent on maternally inherited intrinsic pro1)erties ( Helle and 

Overmeer, 1973) . 

There a r e cases wher e the F2 s ex-r~tio decreased when comp­

ar ed to the sex-ratio of F 1 • In these cases , the cha.nge is pr obabl y 

a result of normal fluctQqtion in sex- r~t ios (5 .3.3) . 

5 . 3 . 3 Repeated backcros sing with selection 

It has been observed that a r esistant population obtained 

from intensive selection of a susceptible population to Tedion can 

develop an incompatibility with the susceptible population from which 

the r esistant popula tion is derived (Overmeer, 1965a; 1965b) . 

Overmeer sh~ed that the resistance f actor and incompatibility 

f actor a r e not correla ted . To show whether the same phenomenon is 

operating in the New Zealand s t rains , repeated backcrossing to PN, 

with selection at ea ch backcross, was carried out . Schematically, the 

the procedure was similar to the backcrossing proeedure used in the 

determination of a major factor in resistance . The sex- ra tios and 
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a nd st erility percentages were dete:nnined a t each backcross . 

The r esults of sterility percentaee and sex-ratio are 

presented in Appendix 2 and graphica lly they ar e shown in Figs.13 

a nd 14. 

Results show t hat with increasi ng number of backcrosses , the 

sterility percentage appears to decrease whi le the r esi stance factor 

i s maintained , indic:1 ting that the inc omp1.1 tibili ty f 11ctor is not 

associa t ed with the resistance factor . If the development of an 

incompatibility barr ier due to selection pres sure ( Overmeer, 1965a) 

is not associated with the sel ection for the resistance f actor, it 

is possible to deduce tha t any acaricide sel ecti on pr essure will 

select not only the r esistant character but also other characters 

which will embl e the r esistant individuals to adapt to the new 

environment . With inbreeding the r esistant individuals with now 

genotypes can give rise to a new strain. This would pr obably explain 

why Overmeer ' s Tedion r esistant stra in was incompatible with his 

susceptibl e strain. This process h~s occurred to different extents in 

the present strains ns r eveal ed by the incompatibility data . Since 

the strains ~r e coll ected fr om t he fields, selection pr essures other 

than acaricidc sel ec t ion (temperature , light, geographical f actors 

and etc . ) ar e very likely to be involved in the microevolutiona.r y 

pr ocess le~di ng to the development of new str ains and consequent ly 

of incompatibility ba.rriers . 

The increase in f ertility in each backcr oss is an indica­

tion that inccmpatibility i s governed by many factors as might be 

expect ed . 

As the sterility percentaee increases , the sex-ra tios of 

some backcrosses (LHRS .PN, PN .LHRS, PN.LINES and PN.SP) increase , 
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suggesting that proportionately haploid eggs a r e affected more than 

the diploid eggs . In contrast , thore are some backcrosses (LINES.PN 

and SP.PN) whose sex-ra tios decrease with increase in sterility 

percentage. The decrease in the sex-ratio with increase in sterility 

percentage in the backcrosse s of LINES.PN a nd SP .PN is probably the 

product of normal fluctuation in the sex-ratios. TI1is i s substant­

i a ted by the low sex-ratio values in the F1 generation of similar 

crosses in Table 10. 

Lethality in backcross eggs is probably due to the formation 

of unbalanced gamet es . If the unbalanced gametes a r e not fertiliz ed 

(or f ertilised) the r esulting haploids (or diploids) will end in 

death. If on the other hand, balanced gametes are formed, the result­

ing eggs whether diploid or haploid will give rise to viable mites. 

By B2 , the s ex-ratios approach somewhere between 1.3 and 2.6, 

value s which ar e approximatel y the aver age of the two parents . Al­

though the sex-ratio approximates that of the original parents, the 

sterility percentage is still not that of the origi11B.l parents, 

suggesting that the mortalities in h~ploiu and diploid egg s are 

occurring a t a lmost the same ratio a s tha t of the origi nal pa.rental 

eggs. 

Of all the backcrosses, only the SP .PN and PN . SP have reached 

a sterility percentage of approximately 3@ by B
4

• The other back­

crosses have sterility percentages between : S% - 6C/%,; values which 

are nowhere near the sterility percentage of the parental strains. 

The data appear to show that the sterility percentage approaches a 

constant va lue at B3 and B
4 

and it is likely that further backcross­

ing may not reduce the level of sterility percentage, with the ex­

ception of SP.PN whose graph still shows a declining curve. 
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5 .3 .4 Intrnpopula tiona.l and interpopula tional crosses of homozygous 
baokcrossod resistant strains 

If the r esistance factor is not directly 11ssociated with the 

incompatibility f actors, then it also means that the homozygous 

backcrossed r esista nt strains, if crossed interpopulationa.lly, will 

not produce an abnormal degr ee of egg mortality in tho F1 and F2• 

This is based on the asswnption that by r epea t ed backcrossing, the 

r osul ting offspring will possess a PN gen0me with the exception of 

the r esi stance f a ctor. To show whether the principle is operating in 

the various homozygous backcrossed r esistant str~ins, selected 

crosses (i. e . corresponding crosses which showed high egg mortalities 

in the F 2 haploid gener at i on in Table 10) wer e undertaken. For the 

sake of comparison, the intrapopula tional crosses wer e a lso included . 

The r esults of the intrapopulati onal and intorpopulational 

crosses a r e presont8d in Tables 11 and 12. 

The re sults show tha t in the intrapopulatiom l cross es, ther e 

are various degr ees of infertilities which ca n be considered as 

normal. However, in the interpopulational crosses, the high morta­

lity in the F2 haploid eggs show what there is, as before, f a ilure 

of pairing at meiosis. The r easons are probably due to one or more 

of the following: 

1. Incomplete substitution of normal alleles There is 

a possibility that the high F2 egg mortality is due to incomplete 

substitution of normal alleles. Substitution of normal alleles is 

probably incomplete in all the homozygous backcrossed resistant 

strains (LHRS.PN, PN.LHRS, PN.SP, LINES.PN and PN.LINES) with the 

exception of SP.PN which shows, in contrast to the others, normal 

sex-ratio and egg sterility in the F1 and F2 generations of the int-
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Tabl e 11 Intrapopulational and Int er popul ational Crosses of Selected Homozygous 
Backcr ossed. Resist ant Strains of T. urticue . 

% of Unvi able Eggs of Mass Crosses ;lo of' Unviable Eggs Produced By Telio-
Bet ween Di ffer ent Popul a tions of Homo- chrys ... lids From .11fass Crosses Between 
zygous Backcr ossea Resistant Strains Different Populations of Homozygous 

Backcrossea Strains 

Fl F2(h&.ploio) 

~ PN HNR. PN Lf:lRS. PN SP. PN LIN1S. PN PN HNR. PN lliRS.PN SP. PN LIN1S. PN 

- 8. 6 6. 6 - - - ) .8 54. l - -HNR. PN - (3 . 7) (1.3) - - - - - - -

18. 6 - 11. 8 12. 9 - 51. 6 - 1.5 . 1 72. 6 -Hffi.S.PN 
(1.4) (3 .4) (1. 3) - - - - - - -

4. 2 49. 8 .36. 1 4. 2 26. 1 4. 5 9. 1 64. 4 4. 6 62. 7 SP.PN (2. 7) (o. 6) (0. 9) (3 . 4) (1.4) - - - - -

2. 8 1. 9 - 3.5 2. 9 55. 2 54. 9 - 80. 9 2. 2 
LINE,;i. PN (1. 5) (1.1) - (0. 9) (3. 8) - - - - -

Note : Values within brackets ref er to sex r a.ti os 

. • .. 



Table 12 Intrapopulational and Interpopul ational Crosses of Selectea Homozygous 
Backcrossed Resistant Stra ins of _!.urticae . 

% of Unviable Eggs of Mass Crosses ;:b of Unvic::.b l e Eggs Producea. by Telio-
Between Different Populations of Homo- chrysalids From Mass Crosses Between 
zygous Ba.ckcrossed Resis t [,nt Stra ins Differ ent Popul utions of Homozygous 

Backcrossea Str~ins 

F 1 Fihapl oid) 
-

I 

96 

~ i PN PN •. IDffi PN. IBRS PN. S.P PN. Lil'bS PN ?N. iNR PN. IBRS PU. SF PN.LI~.r!;S 

- 5. 9 8. 9 - - - 7. 9 50 . 7 - -
PN.HNR 

(3.1) ( o. 6) - - - - - - - -
PN.LHRS 13.0 - 8 . 9 22. 3 - 64-. 9 - - 80.9 -

(1~8) - ( 2 . 3) (1. 7) - - - - - -

PN.SP 
21.8 29.9 18. 0 2. 8 19. 2 4-7. 9 52. 0 77 .4- 10.7 78.5 
(0.9) (o.6) (0. 2) (1. 9 ) (0 . 9) - - - - -

PN.LINES 10.9 7.9 - 10. 2 2. 4- 57.0 59 . 3 - 78~8 22. 8 
( 2. 2) ( 2.1) - ( 2 . 4-) ( 4-. 0) - - - - -

I 

Note: Vulue s within brackets ref·er to sex r atios. 
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erpopulational cross 1Nith PN. 'I'he incomplete substitution is also 

indicated in the graphs of Fig. 13 lNhich shows that, with the excep­

tion of SP.PN, the other backcrosses show a constant sterility per­

centage of 3@ - 7@ after the B
3 

backcross, probably signifying 

that substitution cannot proceed any further. 

2. NelN gene combinations New gene combinations 

which occurred in meiosis in the hybrids and were retained during 

the backcrossing can possibly contribute to the high F2 egg mortal­

ities of the interpopulational crosses. The 101'1 F2 egg mortlllities 

in the intrapopulatioral crosses appear to substantiate this; the 

nelN gene combinants seem to be self-compatible. In other words, new 

genetic strains have been formed in each homozygous backcrossed 

resistant population and substitution for normal alleles is not 

complete. If it 1Nas complete , probably the incompatibility would 

disappear since it is as sumed that all the homozygous backcrossed 

resistant strains would then have the same PN ge nome. 

If the backcrossing procedure will not decrease the sterility 

percentage to normal (as shown by LINES.PN, PN.LINES, PN.SP, LHRS.PN 

and PN.LHRS), then this may serve an important tool for biological 

control in the glasshouse. By introducing normal males after an 

acaricide spray (assuming residual effects are not present), mite 

numbers can be further reduced. This can be carried on indefinitely 

if the sterility percentage does not decrease to normal. In the field 

field, this technique may not be useful because several other strains 

of mites may be present. The introduction of normal alleles to SP 

will decrease the degree of sterility percentage and hence will 

not serve a useful method . of biological control. 
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C"tiAP'I'ER 6 

DISCUSSION 

6 . 1 TOXICOLOOIGAL REACTIONS 

The various DM- lines are very obvious indications that high 

levels of parathion- methyl resistRnce have been developed in many 

commercial fruit growing a r eas of New Zealand . Since the mite pop­

ulations are collected f r om several areas str etching from Hawkes 

Bay to Centr a l Otago, the r esistance pattern also indicates that the 

r esistance t 0 par athion- r.iothyl in the two- spotted spider mite, 

r . urticae , is widespread in the country. Considering the fact that 

mites r esist1nt to one organophosphate chemical a r e also likely to 

be r esistant to another of the same group (Garman, 1950; Jeppson 

and Jesser, 1962) , the use of organophosphate compounds generally, 

may not be effective as a means of mite c0ntrol. With respect to a 

susceptible population , such as PN, parathion- methyl remains a com­

paratively effective acaricide . Si nce this latter popul~tion is a 

suburban garden population however, it would be fair to conclude 

that the days of effective control by or ganophosphates in commer cial 

a r eas a r e numbered ._ 

The fact that all the DM-lines, with the exception of HNR, 

show comparatively steep slopes, demonstrq_te that the various pop­

ulations a r e very homogeneous in r esponse to parathion- methyl. Such 

homogeneity, which can only be reached after consi der able selection , 

no doubt r eflects the fact that parathion-methyl has been i n 

commercial use longer than any of the other acaricides . The following 
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data (Pesticide Manual, 1971) provide su~e idea of the time of 

introduction of the chemicals that are used for the present study, 

ffiEMICAL 

1. parathion- methyl (Folidol) 
2 . dicofol (Kelthane) 
3 . formetanate 
4, tricyclohexyltin hydroxide 

(Plictran) 

YEl1.R INTRODUCED* 

1949 
1955 
1967 

1968 

* The year refers to the time the chemical was first pro­
duced commercially, not the year the chemical was introduced 
in New Zealand • 

The DM- lines for formctanate are not as steep as those of 

parathion-methyl . The populations, therefore, do not react as 

homogeneously as to parathion-methyl . 

Cons:hlering that formetanat e is a recent chemical , the 

r esi s t a nce sitl.18.tion may not be one due to formetanate selection. 

S ince the changes in the patterns of resistance to formetanate 

between the various original strains and those of the homozygous 

backcrossed r esist~nt strains ar e very similar to those obtained for 

par athion- methyl, it is possible to deduce that resistance to the 

two groups of chemicals is a phenomenon of cross- r esistance and not 

multi-resistance . Cross- r esistance between organophosphates a nd 

carbamates had also been reported by Hansen et al . (1963) . Since 

cross- resistance between organophosphate and carbamate does occur, 

probably due to the same mode of cholinesterase inhibition, any 

pest control programme must surely be carefully thought out if 

organophosphates and carbamates are involved , 

Formetanate was initially selected for the present study 

because of r eports (2. 8) that organophosphate resistance in some 

strains provide cross- re sistance to formetanate but in other strains 
LIBRARY 

MAS~£Y UNJYEftSIT'( 
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clear negative correlation has been found. These different responses 

appeared to be due to allelic differences at the resistance gene 

(Schulten, 1968) which specifies the cholinesterase enzyma, such that 

some isozY!PiC variants provide resistance both to organophosphate 

and carbama te, while other variants are distinctive in their toler­

ances to the acaricides . It was thought that from amongst five pop­

ulations selected from different areas of New Zealand for organo­

phospha te resistance, one or more might exhibit negative correlation 

with formetarate. The possibilities for improved control through 

alternate use of organophosphate and formetana te might then be 

considered in the particular cases of such populations. However, 

the data in the present study give no indications that negative 

correlation exists between organophospha te and formetanate in any of 

the strains used. 

The low R:S LD50 ratios of the original and the homozygous 

backcrossed resistant strains with respect to Plictran and Kelthane 

are probably strong indications that for organophosphate resistant 

mites, the two groups are still practical and effective in spider 

mite control in New Zealand. 

So far, there is no report of Plictran resistance. Laboratory 

selection experiments have shown no resistance development even 

after /42. generations over a period of 14 months and after 29 applica­

tions (Allison et al., 1968). Although Plictran resistance did not 

develop in the laboratory after repeated pressures, this fact should 

not be taken to mean that resistance would not develop if a larger 

genetic pool were sampled, such as a field population. 

In New Zealand, there is some indication that Kelthane resis­

tance had developed (Harre, 1971; Paice, 1971; MacKenzie, 1971) ut 
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positive evidence is lacking . Up to dat e, sever al cases of Kelthane 

resistance had been reported elsewhere (Zil'bermints et al ., 1968; 

1969; Helle , 1965a), so probably it will just be a matter of time 

before Kelthane resist9. nce may a ppear in New Zealand . 

With Kelthane , there i s a high nunbcr of mi t es which show a 

moribund condition , which makes the distinction bet1,Jeen deA.d a nd 

living difficult, even after pricking of the mites with~ sharp 

needle (Thiel e and Harrison, 1969) . The difficulty ~n Jistinguishipg 

between living -'lnd dead ca n be attributed to the type of chemical, 

method of testing, type of solvent an::l variation in the intrapopu­

lational response . Moreover, Kelthane, when dissolved in water, 

lenves a heavy deposit which may affect the uniformity of the 

r esul t s . In spite of the many lLmiting f a ctors in obtaining uniform 

DM- lines with Kelthane for comparisons of interpopulational tolera­

nces, the present method does serve the purpose of being able to 

distinguish a r e sis t ant population from a susceptible one . 

In discussing t he t oxicity of acaricides , it would be in­

correct to as sume that one acaricide is bett er than another for mite 

control through deductions of the r esults derived f r om the slide-dip 

technique . To confirm the value of each aca ricide , a field trial 

would have to be performed . 

Furthermore , the slide-dip method does not a llow the commer­

cial potential of the material to be a ssessed on all stages of mites 

by systemic, contact and r esidual actions . The differ ential effect 

of acaricides on diff e r ent mite stages may influence the total 

effectiveness of a toxicant 1n practical mite control. 

On the other hand, it is clear that accurate laboratory 

screening tests of acaricides under carefully controlled conditions 
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can provide a sound basis on which to dev0lop final tosting under 

field conditions. This would save a tremend0us amount 0f effort 

which is at present being expended on time consuming and sometimes 

inaccurate and non-quantitative field demonstrations of acaricide 

performance . 

Thus, until such time that a correlation io found between the 

effectiveness of a chemical as indicated by a practical laboratory 

testing method and its perforrnanace in the fi eld, the efficacy of an 

a caricide cannot be adduc ed purely on response s based on DM-lines 

derived from a ny pa rticular labora tory t esting method. 

In spite of the many disadvantages of the slide-dip technique 

being used for screening acericides, it has, at the same time, 

a nwnber of advantages . These include 1) comparatively les s work is 

involved than with, for instance , topical application methods; 

2) standardisation of treatment and post-t r eatment a re not too 

difficult; 3) no plant materials are involved; 4)the method is also 

applicable outside the l aboratory. For the study of r esistance, the 

slide-dip t echnique is sufficiently acc:urate • 

.• ttempts to obta in DM-lines by using the leaf-dip method was 

unsuccessful. The reason was due to lack of uniformity in the re sults, 

ca used by a combination of several factors, such a s lack of complete 

randomisation, the gathering of the toxicant along the midrib, which 

is a preferred site of mites, and loss of mites from the treated 

surface. In spite of the var iable results it produces, the leaf-dip 

still serves its purpose of acting as a selection technique. A 

discrLminatory dosage, which kills the normal mites completely 

without affecting the mortality of the resistant mites, can still 

be obtained. 
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6 .2 GENETICS OF RESISTANCE AND INGCMPATIBILITY 

Toxicological tests on the progeny of crosses involving three 

strains highly resistant to par athion-methyl (LHRS, LINES and SP) 

and PN revealed certa in aspects of the resistance s of the strains 

concerned. Reciprocal crosses between r esistant individuals (LHRS, 

LINES and SP) and PN ( normal) individuals produce resistant progeny , 

in:licating that both sexes are capable of transmitting the resistance 

character. Differences in toxicolgical responses of reciprocal 

crosses to parathion-methyl implicate cytoplasmic factors in resist­

ance or tolerance . The segregation of the first backcross progeny 

into a distinct 1:1 ratio of r esistant:normal individuals suggest s 

that a single Mendelian gene is the major factor in resistance. 

Through a process of backcrossing of re sista nt strains to a suscep­

tible strain, with mild selection of parathion-methyl a t each back­

cross , the resistance factor is not broken d0Wn, confirming that 

resistance is monogenic . A small shift to the left of the DM-lines 

of the homozygous backcrossed resist~nt strains suggests that some 

minor genes may be involved in resistance . Their effects are small 

and a r e removed by backcrossing . 

The results of the study on resistance factor are in accord 

with several workers: Taylor and Smith (1956) for Malathion resist­

ance in ]'..telarius; Andres and Prout (1960) for parathion r esists.nee 

in 1• pacificus; Helle (1962) for parathion resistance in T.urticae. - ' 
Overmeer (1967) for tedion resistance to 1 . urticae; Ballantyne and 

Harrison (1967) for parathion resi stance to 1 .urticae; Schulten 

(1968) for azinphosmethyl , demeton-S-methyl, parathion and diazinon 

resistance to 1.urticae ; Herne and Brown (1969) for parathion 

r esistance t o 1 .urticae; Overmeer and Harrison (1969a) f or demeton-
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S-methyl re sistance to three independent strains 0f 1 . urtir~e; 

Overmeer and Harrison (1969b) for tetra.difon r esistance to 1.urticae ; 

all of whom conclude that the re sis t ance is due to a major gene . 

On the other hand , the results qr e in contrast to those of 

Dittrich (1963a; 1963b) and Zil'bermints et al. (1968 ; 1969). 

Dittrich concluded that resistance to TEPP and systox was mul tigenic 

and characterized by dominant semi-lethal factors and a major recess­

ive Mendelian f a ctor. Criticism of the results of Dittrich has been 

put forward by Helle (1965a), Ballantyne (1966) and Schul ten (1968). 

Zil'bermints et a l. found that th ,,lir K0lth3.ne reista nt strain is due 

to a r ecessiv e gene . 

Failure to develop a stable r esistant population from the 

HNR str a in by mother x son inbreeding afte r selection suggests that 

s ome f a ctors are present ( or .absent) in the origiml HNR. .popula tion. 

'Jbc presence of. -s.enii-leth,J.Is er £tbsonce of sub-vit-:.ls in th .:; 1n;R are 

probably the chuses ~or the r eversion of the inbr ed populations to 

a situation when the su.sceptible to resistant individuals r eaches 

a.n approximate ratio of 3:1. Longer development period , higher adult 

mortality J.nd lower ege numbers in the original HNH population seems 

to substantiate that vital factors are involved . The homozygous 

backcrossed r esista.nt strain of HNR (HNR.PN) do n0t appear to eY.hibit 

the phenomenon of reversion a nd the reason is probably due to the 

introduction of vital factors from PN. 

The results on incompa tability threw light on several biol­

ogical aspects of the two-spotted spider mite in New Zealand . The 

degrees of sturility or infertility observed , while never complete, 

indicate that the New Zealand species is divided into many strains 

which hold sub-specific status. The infertilities among the inter-



105 

populational crosses are apparently ca used by the bringing together 

of two different chromosoms complements in a common cytopla sm . The 

chromosomal bnsis of st0rility is t o be inferred most clearly from 

the high F 
2 

haploid invie.bili t i es . Being essentially the gametes of 

their hybr id mothers , the cause of this inviabili ty must be gene 

deficiencies and cluplicatio:1s generated during meiosis. Such defi­

cienci es and duplica tions ( unba l a.nced gametes) themselves r esult 

from abortive pairing and non-disjunction between homolog0us chrom­

osomes heterozyg0us for chromosome r earrangements . It ca n be conc­

luded that chromosomal polymorphism is a constA.nt and regular factor 

in spider mite evolut ion. 

The fact that interpopulat.ional crosses a lso l ead to a r educ­

tion in the sex-rat io (female s:ma.les) of the F1 compared to the sex­

r atio of either of the par ents, indicatos that diploid eggs a r e a l so 

affected, and suggests that heterozygosity it self (two different 

gene complements in one ge nome ) may be letha l at s ome stage of 

development . This is mor e diffic.ult to understand, however, s ince 

a ll F 1 hybrids a r e genetically u.nif orm , and the best explanation 

seems to be that the cytopl asm is intimately involved . The importa nt 

rolo of the cytoplasm i.:;i. determining degree of r esi stance , or pig­

mentation (R~llantyne , 1969) has been demonstrated. It seems that 

subst'lnces, perhaps RNA, i s carried over in ~he egg and can have a 

pronounced effect on development . In the present study of incompat­

ibility, the signifiC'.ant differences in the F 
1 

sterility percentages 

between r eciprocal crosses clearly points to the involvement of 

cytoplasmic factors, or nucle ocytoplasmic intera ctions, in the ex­

pression of infertility. Such nucleo-cytoplasr:1ic inte ractions can 

also apparently extend their effect to 'the next generation, as 
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indicated by the measurable difforonces in sterility in the F2 (hap-

1 oid and diploid; haploid) generations 0f the interpopul:J. tional 

reciprocal crosses. 

In analysing the actual sterilities, it could be shown that 

the i ncompatibility factor( s) (e.g. rearrangement) are not ass ociated 

with the resistance fa ,:,tor . By be.ckcrossing the resistant strains 

to a common susceptible strain (Fi:I), with mild selection by parathion­

methyl at each backcross, the degree 0f incompatibility is found to 

decrease. The slow decreo.se in sterility percenfage with each back­

cross indicates that incompati1,ility between two strains is not due 

to one major factor, but sever a l or many (p0lyg2nic). Since r es ist .. 

inco is not associated with the incomp~tibility factor(s), it implies 

that the same selection pressure (i. e . acaricide) can simultaneously 

seloct resista nt a nd chromosomally diffe r ent individuals . Similar to 

the above have been found by Overmeer (1965a ; 1965b). 

As hybrid genetic material is r epl aced by PN in th e back­

crosses, ther e is gene r a lly a n increase in the sex r ati o and a 

decre:::1.se in sterility perc nntage . There ,3. r e some backcrosses, however, 

(LHRS.PN, PN.LHRS, PN .SP, LINES.PH and PN . LHJFS), however, which 

still maintain a significantly high egg mortality (40-?Cf/,) at the 

B
3 

A.nd B
4 

generations. The re t urn to normal sex-ratio without a 

decrease in egg morta lity in these cases suggest that the haploid 

and diploid egg s are affected in the same propcrtions as the paren­

tal populations. In contrast to these b-::i.ckcross s eries, the SP .PN 

backcross (showing normal sex-ratio), exhibits declining egg steril­

ity. Even at the B
4 

generation, the egg sterility is still declining 

and it is predictable that the egg m0rtality \.Jill reach the figure 0f 

the parental populations. 
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rhe contrasting r esults in egg mortality with r egard to the 

SP . PN backcr oss and the other backcross series (LHB.S . PN, FN. LHliS, 

LI NES . PN, PN.LINES and PN.SP) may provide some useful information as 

to the biological control of two- spotted spider mites . The bi 0loi ical 

control of a strain such as SP by the introduction i ncompati bl e genes 

from a differ ent strain (e .g . PN) may not be a worthwhilG pr oposi t ­

ion for two r easons: First, the SP str a i n may in the long r un, 

become compa tible with the r ecurrent parent . Second, since ther e 

is no complete egg mortality in the F
1 

(nor in the B
1

, B2 , ••• etc . ), 

the new str a in hybrids or backcross hybrids may form new gene comb­

i n':..tions . Such combinations could r emain hidden in balanced chromos­

omal r earrangements (2 .10), am bling these str ains to a chieve great­

er r 8sista nce l evels and .1daptability to other chemical s and envir on­

ments . Greater rnut11bility due t0 hybridisation has also b8en suggested 

(Helle and Overmeer, 1973) . 

I n contrast , biological control based on the same principle 

may be a ttra ctive for LHB.S and LINES . The constent egg morb.lity i n 

the backcross genera tions may impl y that the introduction of normal 

e.ll el es (PN males) after an a C'aricide spr ay (assuming zero r esidual 

effect of toxicant) would t heoretically r educe the mite number 

through biological control . This syst 8m of integrated control may be 

attractive in the gl asshouse , where usually only 0ne t ype of stra i n 

i s present , but not f easible in the fields wher e sever al or ma ny 

str ains may be pr esent . 

'l'he egg mortalities of Ov ermeer' s ba ckcrosses (1967) showed 

some degree of contrast to the r esults obtained from the backcr osses 

of L3RS . PN, PN. LHRS, PN.SP, LINES . PN a nd PN. LINES . In hi s backcross 

series starting with (S x T) - hybrids, the mortalities of the untreated 
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eggs decreased after the B
3 

backcross and remained constant in the 

subsequent backcrosses (aver a.ging 5%) . In the backcross series start­

ing with the ( T x S )-hybrids, the proportion of non- viable egg s 

maintained themselves at a l evel of about 18% . In the backcross 

series of the present experiments (LH:Fi.S . PN, PN .LHRS, PN .SP , LINES .PN, 

a nd PN.LINES), the egg mortalities decreased up to the B backcross, 
3 

and rema ined constant nt a l evel of 30%-?Cf/i, depending on the back-

cross series . The SP.PN backcross, an exception, exhibits a low 

egg mortality at the B
4 

genera tion. It is also expected that with 

increasing number of backcrosses of SP to PN, the egg mortality will 

rea ch a c onst.<J nt 1 ow value . 

The nbil i ty of the homozygous ba ckcrossed re sistant popula­

tions (LHRS.PN, PN .LHRS, LINES . PN, PN .LINES, SP . PN and PN .SP) to 

multiply r andomly without a ny s i gnif ic'3. nt egg mortality indicates 

that they have recoverea a genie balance or h~rmony which wa s l a ck­

ing in the F1 of the backcross series . The question arises, ther e­

fore , as to whe ther this bal anced combination of genes corresponds 

to the balance which existed initially in PN or whether it r epr esents 

a new balance. Crosses between the homozygous backcrossed resistant 

populations and PN males showed high egg mortalities in the haploid 

F2 , except for the SP .PN x PN. Thus the homozygous backcrossed resis­

tant populations could be consider ed as the initial stocks of new 

stra ins. 

The homozygous backcrossed resistant population of SP.PN, 

when crossed to PN, produces normal F1 and F2 egg mortalities . This 

is probably due to the complete substitution of normal alleles and 

chromosomes in the backcrossing procedure. With the other back -

crosses, there is still i ndications of high egg mortalities in the 
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F 1 3.nd F 2 eggs , s~gesting tha t substitution of normal a lle l es a nd 

r oarra ngements i s still i nc•ompl e t e . For the l atter bae:lccrosses , the 

high constant l evel of egg s t erility a t and after the B
3 

gener ation 

may imply that further substitut ion C',-'lnriot proceed ; otherwise the 

g r aph would sh N a declining sterility percentage curve . 

The ability to adapt to a caricide pr essure , and the r ~pid 

divergence of one populri. t ion into several str a ins which bear diff­

er ent degr ees of r eproductive infe r t ility with one ,'l nother, signify 

that t he two-spottod spider mi te is very polymor phic . As has been 

sh own in insects (e . g . Drosophila ), t he more pol ymorphi0 the spe cies, 

the l a r ge r the ir ge ographical di stribution . They would gene r a lly 

be capabl e of adapting to the varying kinds of onv iromnonts within 

a ny di stribution ~r ea . Speci es of chromos o~al uniformity have limited 

genet i c vers11tility ~nd tend t oi,Ja rds evolutiomry stability . The 

chromos oma lly polymorphi c sp,~cies on the othe r ha.nd , have sever ~l 

l evel s of bal ance between genet ic s t ability and versa tility . 1,,J ithin 

a ny particular a r ea , r el ~ tive uniformity c;in be sust,':l ined, particul­

a rly in th e absence of stroil£; sel e ct iv e forc8s ; but in the presence 

of such forc es , or under changed onvironmental conditions , the 

capacity to cr eat e nei,J a dapt iv e types exi s ts, by virtue of the store 

of genetic va riation th3. t has ac~umula t ed and been ma inta ined in 

balanced chromos oma l rearra ngements. As discussed earlier (2.10), 

sex limited variation would be especially bu neficial, as would be 

a high mutation r ate . There i s s trong ev idence for t he existence of 

both (sex limited tra its and a high mutation r a te) in spider mites. 

The tendency to inbreed ing i n spider mites could 'Work both ways: to 

maintain uniformity, or to force the break up of balanced rearra nge­

ments. 
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Such a picture accords with the observed situation in thE) 

t"1 o-spotted spider mite . As f a r as intrapop ula tional va riability 

is concerned, the g '"netic variability· ( or chromosoma l polymorphism) 

is small, but with r egard to the interpopula tional variability, the 

genetic va ria tion is l 2r co ( high egg sterilities) . The reasons must 

be due to o~ny intera cting f a ctors: the haploid- diploid sex 

determination, a high mutationa.l rate , a high recombim tion index, 

a high degree of inbreeding without depressive effect s , the holo­

kinetic chromosome structure, the production of new gene combinations 

by hybridisa tion. These v~rious f~ctors contribute gre~tly to the 

maste ry of the two- spotted spider mites in adapting to new environ­

ments and ecological niches . 
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CHAPTER 7 

CONCLUSIONS 

From the r e sults obtained in the prese nt inv8stiga tion, the 

fallowing conclusions can be r eached: 

L Resistance to pa rathion--.. ,(.; tt1yl i n t he t ·;,o- spo ttE.: a :.:[Ji u. l,; r 

mite , Tetra n;y:c~ urticae, seems to be ,.,.1 idespread in the commercial 

f::.·uit grow i ng a r eas of New Zealand. If the developm3nt of parathion­

methyl r esistance does l ead to cross-resista nc e to other or gano­

phosphorus compounds, then alternativ e organophospha t es as a ca ricides 

will not be eff ective for the control of sp i der mites . 

2. Res i stance to formetana te shown by strains resista nt to 

parathi on-methyl is probabl y a refl ection of the phenomenon of cross­

r es i stance betwe en organophosphates and carbama tes. Ther efore , the 

use of ca r bamates as a ltern..1.tives to orga noph ospha tes in a s itua­

tion where organophospha t e resista nce had a l ready developed may not 

be attra ctive. 

3. Plictra n (tricyclohexyltin hydroxide) and Kelthane 

(dicofol) are still effective acaricides for non-resistant a nd 

organophosphate resistant mites. Parathion-methyl is still the most 

effective acaricide in comparison with the other three acaricides 

(formetanate, tricyclohexyltin a nd dicofol) for the control of non­

resistant mites under the conditions of testing used in the present 

study, 
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4 . The parathion resistance in the strains used for the 

present study is due to a semi-dmin'.lnt or dominant maj or gene which 

is transmissible by both sexes . Cytoplasmic factors t)r nucleo-cyto­

plasmic interactions are probably involv~d to a slight degree in the 

expression of total resistance . Minor genes which a r e removable by 

repont~d backcrossing are also pr obably involved . 

5. Reversion which occurs in the HNR population is probably 

due to the absence of some vital factors . 

6.. The two-spotted spider mites in Hew Zeals.nd appear to be 

comprised of various stra ins. Intrapopul~tional crosses of two­

spotted spider mites pr oduce progeny which show normal egg sterility 

and sex r atio in the F1 and F2 generations but these values a r e 

liable to s0r.1e degree of fluctuations . 

7 . Interpopulational crosses of the six stra ins of 1 . urticae 

c ive rise to various degr ees of egg infertilitie s in the F1 genera­

tion (caused probably by different gene complements in one genome) 

and high egg mor talities in the F2 generations (caused probably by 

chromosomal rearrangements resulting in abnormal pairing at meiosis). 

Cytoplasmic factors or nucleo-cytoplasmic interactions can be 

involved to a small extent in the total expression of incompatibility. 

8 . A r eduction in the sex-ra tio (females:males ) of F1 in 

the interpopulational crosses is probably due to the mortality of 

diploid eggs . 

10. IncompAtibility between colonies is multifactorial . 

11 . Sane strains, by r epeat ed backcrossing with norma l male s , 
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are not completely substituted by normal alleles. If this is the case, 

this concept can be useful as a means of integrated control of spider 

mites in enclosed areas (e.g. glasshouses). 

12. Strain or backcross hybrids, on allowing to multiply 

randomly, are capable of forming new gene combinations to become 

self-compatible. Through the same process, the hybrids can give rise 

to new strains which are tot':l lly different from the parents. 
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Append.ix 1 

TOXICANT 

PARATHION 

PARATHION 

PARATHION 

PARATHION 

Results of the .Dos...igE::-1.iorto.lity Response of T. urticae t o par a thion-me thyl, 
formetanatt and tricyclohexyltin hyo.roxide -

STRAIN, CONCENTRATION OF NUMBER OF MITES 24 HOUR 
CROSS OR AC'.i'IVE INGREDH,NT T.c.STill ;o MORTALITY 
BJ..CKCROSS IN PPM 

100 131 98. 00 
50 129 46. 00 

PN 25 129 6. 00 
0 129 4. 00 

1,000 1)2 100. 00 
500 134 91.00 

B'l'TR 250 130 52. 00 
100 65 8 . 00 

0 131 5. 00 

40 ,000 132 99 . 00 
30, 000 132 88. oo 
20,000 147 70. 00 

LINES 10,000 128 24. 00 
5 ,000 67 6. 00 

0 129 3. 00 

80,000 64 100. 00 
60 ,000 1)2 95 .00 

I1-iRS 40,000 l j2 80. 00 
20 ,000 ljl 18. 00 

0 127 6. 00 

129 

CORRECTED 
1fORTALITY 

98. 00 
4J+. OO 

2.00 
0 

-
100. 00 

91. 00 
49.00 

3. 00 
0 

99. 00 
87 . 00 
69. 00 
22. 00 
3. 00 ,. 

100. 00 
:;)5. 00 
78. 00 
12. 00 

0 
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STRAIN, CONCENTRATION OF NUivi:BER OF lHTES 24 HOUR CORRECT.lill 
TOllCANT CROSS , OR AC'iTv1 TNGREDIENT T1STlill % MORTALI TY 1f.ORTALITY 

Bh.CKCROSS I N PR~ 

60 , 000 127 78 . 00 77 . 00 

SP 
40 ,000 121 42. 00 40 . 00 

P.iillATHION 20 ,000 132 14. 00 10. 00 
0 131 4 .• 00 0 

20 , 000 ljl 96 . 94 96 . 77 
10 , CJOO 1J3 91. 73 91. 20 

5 , 000 150 77. 69 76. 21 
2 ,500 129 77. 52 76 . 03 
1 , 000 125 74. 73 73. 05 

PARA'rHION HNR 500 123 74. 57 72. 88 
250 116 75. 43 75 .79 
100 1 27 56. 69 ;>J . ?b 

50 124 33. 87 29 .40 
25 64 12. 50 6. 57 
0 126 6. 35 0 

1,000 96 100. 00 100 . 00 
500 65 82. 00 80 . 00 
200 61 38 . 00 33.00 
100 192 31.00 26. 00 

FORME.'T.ANATE. PN 50 188 30 . 00 25 , 00 
25 140 22. 00 16. 00 
25/ 2 96 11.00 5 . 00 
0 86 7. 00 0 

--
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STRAIN, CONCBNT.ft..'{i' ION OF NUMBER OF l.1ITJ<.,S 24 HOUR CORRLCTED 

TOXIC.ANT CROSS OR r,CTIV£ Ii'IGREGihNT TE.STBD {o MORTALITY MORTALITY 
BACKCROSS IN PAvI 

10 , 000 67 100. 00 100. 00 
5 ,000 65 92. 00 92. 00 
2 ,000 95 88. 00 88. 00 
1,000 98 69. 00 68. 00 

FOHMETAN.t>.TE l!."TTR 500 93 4.8 . 00 46. 00 
200 _;l 19~00 l G. oo 
100 91 8 . 00 4 . 00 

0 100 4 . 00 0 

50 ,000 90 77, 00 77. 00 
20 , 000 117 49. 00 48 . 00 

FORME'I' A.NATE LINES 10 , 000 117 25 . 00 24. 00 
5 ,000 123 11. 00 10 . 00 
2 , 000 dl 1.00 0 

100 ,000 96 79 . 00 77 . 00 
50 ,000 94 74. 00 71.00 
20 ,000 121 56. 00 51. 00 

FORMETANATE Uill.S 10,000 94 32. 00 24. 00 
5 ,000 63 27. 00 19 . 00 
2 ,000 t,~ 14. 00 4 . 00 

0 101 10. 00 0 

100 , 000 91 95 . 00 94. 00 
50 ,000 96 9LOO 90 . 00 
20 , 000 91 85 . 00 83. 00 

FORMB."TANATE SP 10,000 87 60. 00 53. 00 
5 , 000 97 48. 00 40. 00 

0 79 14. 00 0 
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STW,.IN, CONCdlTR. ... TION OF Nul',iBE..."R OP. MITES 24 HOUR CORRECTill 
'i'O.XIC.ANT CROSS OR .ACTIV~ L'lGR.iillIENT 1'i,S'.I.'B.D fo MORTALITY MORTALITY 

B.ACKCROSS I N P.i.~ 

20 ,000 122 87. 00 85 . 00 
10,000 U 2 6o .oo 54. 00 

5 ,000 119 67 . 00 62. 00 
2 ,000 115 47. 00 39 . 00 

TRICYCLOHEXYLTIN PN 1,000 124 17. 00 4. 00 
HYi>ROXlliE 500 56 18. 00 5. 00 
( PLICTR.!-u"{ ) 200 57 14. 00 1.00 

0 122 13~00 0 

-
40,000 96 100. 00 100.00 
20,000 95 92 . 00 91. 00 
10,000 131 50 . 00 49 . 00 

.ETTR 
5 ,000 131 15. 00 13 . 00 

TRICYCLOHE.XYLTIN 2 , GOO 130 15. 00 13~00 
HYDROXLJE, 1,000 131 11 . 00 9. 00 
(PLICTRAH) 500 59 8 . 00 G.oo 

0 126 2. 00 0 

100,000 100 100. 00 100. 00 

50 ,000 92 84. 00 82. 00 
TRICYCLOHhXYLTIN LINES 20 ,000 ci9 28 . 00 19 . 00 
fiYDRO.X.IDE 0 94 12. 00 0 
(PLICTRAN) - -

100,000 102 100. 00 100. 00 
50 ,000 101 96. 00 96 . 00 
20,000 98 55 . 00 53 . 00 

TRICYCLOHEXYLTIN L..BRS 10,000 99 25. 00 22. 00 

HYDROXIDE 5 ,000 99 16. 00 13. 00 

(PLICTRAN) 2 ,000 97 7. 00 3. 00 
0 103 4 . 00 0 

-



. 
STRAIN CONCENTRATION OF NUMBER OF ld'ri!.s 24 HOUR CORRE.CTED 

TOllC.dff CROSS OR ACTIVE INGREDIENT TEST.ill fo MORTALITY M.ORT.;LITY 
BACKCROSS IN PPM 

100,000 30 70. 00 
TRICYCLOHEXYLTIN 50 ,000 48 27. 08 
HYDROXIDE SP 20 ,000 64 7. 81 

0 62 3. 22 

50 ,000 98 100. 00 100. 00 
20 ,000 36 82 . 00 80. 00 
10 ,000 128 76 . 00 74. 00 

P.1i.R.h.THI0N HNR. PN 5 ,000 102 47.00 42. 00 
2 , 000 98 15. 00 7. 00 

0 96 9. 00 0 

50.,000 96 98. 00 98 , 00 
20 , 000 98 47. 00 43 . 00 
10,000 b8 24,00 lb. 00 

P.nR&THION LINES. PN 5 ,000 60 15. 00 8 . 00 
2, 000 97 11.00 4 . 00 

0 )4 7. 00 0 

,o ,ooo 96 91.0CJ 90, 00 
20,000 97 47. 00 42. 00 

P.i-i.RisTHION LHRS. PN 10 , 000 99 35. 00 29 . 00 
5 ,000 99 1) . 00 5. 00 

0 96 (j . 00 0 

20 ,000 123 72. 00 69 . 00 
5 ,000 98 42. 00 36. 00 

P.AR.rlTHION SP. PN 2, 000 88 24. 00 16. 00 
0 90 9. 0 0 



S'.l.'fu:,IN, CONCENTfu.TION OF Nl.fa1.r3b...q OF h~IT.t;S 24 HOU.H. CORR.ECTEJJ 
TO,GCi:.NT CROSS OR .. ~CT IVE IPG-?...tillIENT fi!.,S'l'li.0 /o l\CORTi.LITY MORTALITY 

B..r1.CKCROSS IN PPM 

5 ,000 '93 99. 00 99 . 00 
2 ,000 95 82. 00 81.00 

FORiv&"T ,i..N • .;.T E illffi.PN 
1,000 93 44. 00 40 . 00 

500 92 24.00 19.00 
200 101 19 . 00 13 . 00 

0 97 6. oo 0 

100 ,000 96 92. 00 90 . 00 
50 ,000 36 92. 00 90 . 00 
20 ,000 99 88. 00 86. oo 
10,000 99 57 . 00 50 . 00 

FORMETANATE .1INES.PN 5 ,000 91 41.00 31.00 
2 ,000 103 16. 00 2. 00 
1,000 105 17. 00 3 . 00 

0 101 14. 00 0 

100,000 95 94.00 93 .00 
50 ,000 97 91.00 89 . 00 
20,000 100 · 78 . 00 74. 00 

FORl1iET1.N~T:E :ums. PN 10,000 101 47. 00 38. 00 
5 , 000 9li- 23.00 8 . 00 
2 ,000 87 18 . 00 4 . 00 

0 97 15 . 00 0 

100 . 000 102 100.00 100. 00 
50 , 000 105 99 . 00 99 . 00 
20,00() 109 96. 00 96 . oo 
10,000 106 96 . oo 96 . 00 

SP. PN 
5 ,000 139 94.00 93.00 

1',0RlviET~·u1"..r1.TE 2 ,000 201 59.00 56. oo 
1,000 165 61 .00 59.00 

500 99 27. 00 22. 00 
200 102 25 . 00 20.00 

0 102 6. 00 I 0 
- - -
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S'l'&IN, CONCBNT.Ril.TION OF NUM3iiR 01'1 iHT.c5 24 HOUR CORRECT.Jill 
'.l'OXICANT CROSS OR .nCTIVb UG.dB...,I£NT '.i:'13'fiLl 1o 'v!O~T;J..ITY NtORT.~ITY 

BACKCROSS IN PF.-/4: 

20 ,000 93 100 . 00 100. 00 
TRICYCLOIDi.:X.YLT IN 10,000 82 94. 00 91.00 
HYDROXIDE 

~nrn. PN 5 ,000 77 84.00 80. 00 
(PLIC'I'&:.N) 2 ,000 36 45. 00 j0. 00 

0 94 21. 00 0 

20 ,000 98 95 . 00 94. 00 
TRICYCLOIIi!;XYLT IN 10,000 99 71.00 67 . 00 
HYDROXillE LDlES. ?N 5 ,000 36 39 . 00 30. 00 
(PLICTR4~) 0 101 12. 00 0 

50,000 97 100.00 100.00 
20 ,000 98 84. 00 82 . 00 
10,000 95 66.oo 65 . 00 

TRICYCLOff"i.i..YLT IH 5 ,000 )9 31. 00 28. 00 
HYDRO..XIDE; I.1-Illli. PN 2 ,000 ;19 28 . 00 25 . 00 
( PLIC'.LlkN) 1,000 9) 16. 00 13 . 00 

500 3) 6. 00 2. 00 
0 100 4 . 00 0 

20 ,000 64 95 . 00 94 , 00 

TRICYCLO:{f.XYLTIN 10,000 lUl 84. 00 81 . 00 

HYJJB.0.AIDE SP. PN 5 , 000 101 46. 00 34. 00 

(PLIC'i'&J\T) 2 ,000 1 25 16.00 9. 00 
0 102 18 . 00 0 
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S'l'fu._IN, I CONC.ic.NTR;,I'ION OF NJ.lv'BER OF KIT.t:S 24 HOUR CORflliCTfili 
TO.iJ CiJ.\1T CROSS OR ACT I V.c H:GrtE.lJ rn:·n TESTW ;o MORT.nLITY lVtOR'.L-,LITY 

.s.;.CKCROSS IN PPM 

80,000 '.)9 98. 00 38 . 00 
40,000 102 86.oo 86 . oo 
20,000 106 46.oo 44 . 00 

F l' PNt x LHRSt, 
10,000 102 35 . 00 33 . 00 

PARATHION 5 ,000 65 25.00 22. 00 
2 ,000 62 11. 00 8 . 00 
1 , 000 68 7. 00 4 . 00 

0 64 j . 00 0 

40,000 j 2 100 . 00 100. 00 
20,000 29 90.00 88 . 00 

Fl, PNt X vmst 
10,000 32 50 . 00 41+-. 00 

P,Jti1.'i1HI0N 5 ,000 j2 50 . 00 44.00 
2 ,000 -53 40 . 00 32. 00 

0 29 10 . 00 0 

40,000 99 99 . 00 99 . 00 
P.t..Ril.THION F1 , PNrf x LINES~ 10 ,000 105 38. 00 33 . 00 

5 ,000 62 10. 00 2. 00 
0 65 8 . 00 0 

40,000 29 100. 00 100.00 
20 ,000 69 96 . 00 96. 00 

F l' PNt x LIN.GScf 
10 ,000 62 84. 00 84.00 

PARATHION 5 ,000 6) 62. 00 61. 00 
2 ,000 66 23 . 00 22. 00 

0 68 2. 00 0 
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STRJ,IN, CONCENTRATION OF NUMBER 01;~ MIT1S 24 HOUR CORRECT.Jill 
TOXIC.ANT CROSS OR .,.CTIVE INGRhDIENT T~ST:ED /o :MORT.hLITY MORT,\LITY 

BACKCROSS IN PPM 

80 ,000 94 100. 00 100. 00 
40 ,000 67 99 . 00 98. 00 
20 ,000 97 95. 00 95. 00 

F 1 , PNd"f x SPi 
10,000 96 53 .00 50. 00 

PARAT:UON 5 ,000 31 42. 00 38. 00 
2 ,000 27 26 .00 20. 00 

0 65 6. 00 0 

40 ,000 j2 100. 00 100. 00 
20 ,000 32 100. 00 100. 00 

P.ArUSHION o A 10 ,000 32 94.00 94. 00 F1 , PNt x SPo j ,000 ).3 48 . 00 46. 00 
2 ,000 )2 44. 00 42. 00 

0 26 4. 00 0 

40 ,000 j2 100. 00 100.00 
20 ,000 67 89 . 55 89 . 23 
10 ,000 j2 78. 11 77 . 47 

5 ,000 31 54 . 84 5; . 47 
2 ,000 jl 51. 61 .?0 .14 
1,000 28 50. 00 4B. 49 

B1 500 30 56. 67 55. 36 
P.b.R.LiTHION F l (PN1 x LINESi) x PN6 200 32 53. 13 51. 71 

100 28 57. 14 55. 84 
50 52 40. 63 38. 83 
25 - - -
25/2 31 35. 48 3.3 . 53 
25/4 29 24. 14 21.84 
25/8 32 6. 25 3. 41 
0 34 2. 94 0 



138 

ST.R,.IN, CONC.tJ',l'J.'rt.nTION OF' ~·./ill/Ld1:,R OF 1.iIT.c.S 24 HOUR CORR.£CT.Jill 
TO.X.IC .. Jfr CROSS OR itCTIV.i-J r;.rG-?.B.LlIENT TESTB.u ;o MORTiiLITY i'.10RT.i.J.,ITY 

B,-.Ci(CROSS IN PPM 

2(; , OOO )4 100. 00 100. 00 
10 ,000 61 88. 52 87. 73 

5 , OCJu jl 100. 00 100. 00 
2 ,000 %- 67. 02 64-. 75 
1 ,000 34 56. j8 .?5 . 37 

Bl .?00 69 43 . 48 39. 58 
Pi.rtATHION F l (PNfxr.,rN1st )xPN! 200 62 4.8. 39 44. d3 

100 91 .')6. 04 55 . 01 
50 60 56. 67 5) . 66 
25 59 44. 07 40. d 
25/ 2 62 40. 32 36. 21 
25/4 63 19.05 13. 47 
25/ 8 46 13. 04 7. 04 
0 31 6. 45 0 

20 ,000 3j 100.00 100. 00 
10 ,000 63 84 .13 83 . 04 
5 ,000 66 66. 67 64. 37 
2,000 Gl 59. 02 56. 19 
1 ,000 j2 71.88 69 . 94 

Bl 500 57 64. 91 62. 4-9 

F l ( PN f xL.BRS t) :xH I;J' 
200 ).) 69. 70 67 . 61 

P.'i.R.-;THION 100 64 60. 94 58. 25 
50 62 46. 77 43. 10 
25 50 70. 00 67. 93 
25/ 2 J4 52. 94 49 . 70 
25/l~ 32 15. 63 9. 81 
25/ 8 32 12. 50 6. 47 
0 Jl 6. 4-5 0 
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STl&.IN, CONC~l"li"l'n • ..,,J.'IOr; OF ' J\fl.Ji,;J.c,R OF iGT.uS ' 24 HOUR CO.RRBC'l'ill 

TOXIC.JIT CROSS OR rtCTIVt; I NGRwI.SNT T.uS'l'W ;O MOR':( • .i.,ITI l.:CR'i'.'l.L.JI'.i.'Y 
.B.n.C!\..CROSS Irf PP!vi 

40,000 32 100.00 100. 00 
cO , COO jO 96. 67 J b. 41.+ 
10 ,000 62 85. 4.8 84. 4-C> 

5 ,000 68 12. 06 70. 13 
?. ,OOO 61 65.57 bj . 20 

Bl 1,000 60 51. 67 48.j4 

F l (PNt xlHRS6')xP~rcr' 
500 l~7 57.45 54. 52 

P~'rr-noN .'~00 61 52.46 49.18 
100 GS 63 . 08 60. 53 

'50 64 54. 69 51. 57 
25 .59 44. 07 40. 21 
25/2 61 18. 0.5 12 . .38 
2.!)/4 62 6.45 0 

0 .31 6.45 () 

40)000 ' 52 100. 00 100. 00 
20 ,000 61 ' 90. 16 89 . 40 
1( ,000 63 73 . 01 70. 93 

5;000 
('/' 68.18 65. 73 00 

2,000 62 50.00 46. 16 
L,000 '37 51. 54 47. 81 

Bl 500 33 42.4? 40 . 15 

P.-i.R.n.TH IO~ ? (PN6kSPt-)xP:Nc?' 200 j l 41. 93 37. 00 
1 100 64 62,50 37. 47 

50 64 57,.81 54. 57 
25 .:;,3 /.+.4. 82 40. 58 
2:;/2 50 50. 00 46.16 
25/4 c9 24.lj 18. 50 
25/6 62 14. 51 7. 94 
0 70 7.11.i- 0 

-
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STR.,IN, CONCENTikTION OF NU1,fi31::,R OF MIT ES 24 HOUR CORRECTW 
TOXI C_;.1.HT CROSS OR ."l.CTIVE ING.R.E.ulE:i','T TES'rED 7~ MORT~,LITY MOR'r;,_L,ITY 

B.'.CKCROSS IN PPM 

40,000 60 98. 33 98. 16 
20 ,000 63 98. 4l 98. 25 
10 ,000 91 95. 60 95. 14 
5 ,000 60 78. 3.3 76 .09 
2,000 62 82. 26 80. 42 

Bl 1,000 )4 64. 71 61. 32 
500 61 70.49 61.06 

PAR/i'f 'UON F l (PNfxSP~ xPncl' 200 62 74. 19 71.52 
100 _)o 60. 00 55. 86 
50 33 84. 85 83.,28 
25 25 52. 00 47. 03 
25/ 2 j l 45 . 16 39 . 48 
2:S/l+ ' ? ) _ 21. 88 13. 79 
2:>/8 31 12. 90 3. 88 

Cl 32 9. 38 0 
I 



~.ppendix 2 

GEN.KR,.T IO.N 

F 1 

Bl 

B2 

B3 

B 
4 

14l 

Sterility Percentages an<i Sex- Ra tios of t he 
FH B

1
, B

2
, B3 and BI+ Gencrc.tions In the 

i:3ackcross Serie s 

3.i.CKCROSS STERILITY stx-&:rro 
S.r,RIES PERC~fJT..,,GES 

Lil'bS. PN 9. 58 3. 72 
LHRS. PN 12. 36 3. 68 
SP. PN 26 . 05 2. 88 
PN. LIN'.r;S 17. 60 1.29 
PN. LHRS 4-b. 29 0. 32 
PN. SP 24-. 88 0. 65 

LINES. PN 76. 31 2. 40 
LHRS. PN 57 . 51 5. 50 
SP. PN 72. 93 1.86 
PN. LINES 6.L. 3 7 4- . 35 
PN. LHRS 50 . 4-2 1. 97 
PN. SP 87. 05 j . 02 

LINES. PN 7) . 97 · 1.57 
LHRS. PN 50. 91 · 4-. 29 
SP. PN 54-. 67 1. 75 
PN. LIN.~S 4-1. 4-9 3. 01 
PN. L..BRS 4-7. 54- 2. 81 
PN. SP 57 . 29 2. 85 

LI:NbS. PN 66 . 70 1. 4li-
LHRS. PN 49 . 67 2.43 
SP. PN 4li-. 4-1 2.09 
PN.LI NES 42. 80 3. 03 
PN. LHRS 4-5 . 32 1. 75 
PN. SP 31. 70 1. 72 

LINES. PN 66. 79 1. 35 
LHRS. PN 54 .• 85 2. 68 
SP. PN 29 . 71 2. 24 
PN. LINES 4-7. 37 1. 78 
PN. LHRS 38 . 11 1, 51 
PN. SP 31. 80 2. 40 




