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ABSTRACT

A study of resistance to acaricides in a number of popula-

tions of the two-spotted spider mite, Tetranychus urticae, in lew

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 organophosphate 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 éonttibitec slightity to the
cxpression of total resistamce. 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 introduction 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. Backeross hybrids, on allowing to multiply
randomly, were capable of forming new gene combinations, leading
consequently to the formation of new strains which were gepeti~
cally different from the original parents used in the backecross

series,
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HAPTER 1

INTRODUCTION

'0an 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 man'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, 1961a) ,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 development. Up to 1967, resist=-
ance had developed in 22/ 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 from the



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
enviromments, plus subjection to the high selection pressure encount-
ered in the commercial growing areas, are factors that make the freg-
uency of the resistance phenomenon high in the family Tetranychidae.
For these very reasons, the two-spotted spider mite, Tetranychus
urticae, has recently been the most difficult to control among all
the pests that confront horticulturists and agriculturists (Naegele
and Jefferson, 1964). In spite of control measures, meny 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 chemicsl control of spider
mites throughout the world is the continued development of strains
resistant to the common chemical compounds. Fach year, the problem
becomes more severe with the number of non-effective types ever
increasing, especially the organcphosphorus compounds.

The resistance of insects of medical interest, such as

Anopheles, Aedes and Mus¢a, had been extensively 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 and the resistance 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-



mental. investigations on the interrelationships of genes, enzymes and
toxicological responses to insccticides. From the practical stand-
point, knowledge of the genetic identity of phenotypes has made
possible the detection of gencs for resistance in field strains prior
to the use of insecticides or durinz the course of control operations,
thus indicating the advisability of change to another insecticide.
Acditionally, infoimation from hybridization, indicating reproductive
barriers or genetic isolation, obtained during the cotrse of studies
on the genetics of resistance, has generated considerable interest in
the feasibility of genetic control of insect populations.

With the various problems in mind, the aims of the present

research are:!

1) +to determine the distribution of acaricide resistance
among the two-spctted spider mite populations in certain
gselected areas of New Zealand,

2) to determine the effectiveness of particular groups of
acaricides under laboratory conditions,

3) to study cross-resistance, multiple-resistance and
negatively-correlated resistance patterns in the resis-
tant populations chosen.

4) to study the mechanism of inheritance of the resistances
in these populations.

5) to study the patterns of genetic ard cytoplasmic incomp-
atibility that occurs among thz chosen populations of

spider mites.



(HAPTER 2

REVIEW OF THE LITERATURE

2,1 INTRODUGTION

The survey of the literature is intended to consist of four
portions, The first part, which 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 review attempts to gather available information regarding incom-
patibility, sex-ratio and sex determinmation of T.urticae. The last
section deals with the current genetical concepts in insect control
in general and their possible application in control of two-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 terms, such
as "incompatibility", "sterility", "incompatible genes", "sex-ratio",
"chromosomal races", "strain hybrids", etc. are counted as being self-
explanatory, but on the other hand there are terms like "resistance"
and "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 A1l living organisms can carry



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 anstomical 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
different 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 stem 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



exposure to such diverse stresses as extremes of temperature, lack
of moisture, abnormal 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 gramarius, (52x), was found also to be more tolerant to

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

(1.1x) and desiceation (1.8x, 1.7x)(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 bioassay 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



physiological and biochemical mechanisms involved in the phenomenon
of resistance by using strains genetically pure for the mechanisms
have placed the phenomenon of resistance in proper perspective.
Although phenotypic results are good evidence of the existence of
resistance, the phenomenon is most convineingly evident when the
specific mechanisms responsible for 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 an
example of evolutionary change (Orow, 1957). In the past there had
been a great deal of controversy as to whether resistance 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-



not be acquired during the life time of an insect. Futhermore, tests
with DDT on Drosophila seem to indicate that 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 some 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 resistant to

DDT, In the selection for resistant Drosophils 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
heterogencous 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-



geous to the inscct, may be out of the ordimary, but they do serve
to show that the resistance 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, especially mutagenic effects, of other compounds besides
DDT had not been studied, Recent studies have shown that DDE, =
metabolic product of DDT, is capable of inducing mutations in a
Chinese Hamster cell line (Kelly-Garvert and Legator, 1973). In a
mammalian cell line, DDT and DDE have 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 can be assumed 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 2 normal individual, this occurrence will not confer any immediate
advantage on the organism. Only individuals of the succeeding gen-
erations which carry the mutation 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 that 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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factors tend to be associated with reduced vitslity and fitness
(Maelzer and Kirk, 1953; Dittrich, 1961).

In summary, two conditions must be fulfilled before resist-
ance to insecticides can develop. Firstly, resistant mutants must
occur in the originmal populations. Secondly, the insecticide must
act as a2 powerful selective agent favouring these mutants. The net
effect is the concentration of resistant mutants that are present in

low frequencies in the original population.,

2.4 DEVELOFPMENT (F RESISTANCE

2.4.1 Pattern of resistance development

. Data 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 initial period of slow response extending over a
few or many 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 geametric 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).



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) Amount of heritable variance With other factors
constant, the bigger the populations, the greater will be the amount
of heritable variance. In the spider mites, many generations are
produced during each season and very high populations can develop
rapidly in midsummer., If coupled with high selection pressure, popul-
ations with high acaricidal resistance can develop. On the other
hand, in small populations, 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 illustration of this point, the
experiments done by King (1954; 1955) serve the purpose. He found
that more rapid development of DDT resistance in Drosophila with
50% mortality treatment than the one which gives 95% mortality. Crow
(1957) explained that the higher mortality 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 an
important factor in the development of resistance come from the obser-
vation that certain T.urticaec 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 low 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 resistance if
they outcross repeatedly with strains from elsewhere, a process
which leads to the formation of balanced linkage combinations
(Thoday et al., 1964), a pre-requisite to the release 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 (Mather, 1943).
This type of radical change gives rise to an accelerated response.
According to Mcinroe and Harrison (1968), linked polygenic complexes
probably play a more important role than free genetic diversity in
response to selection as regard arrhenotokous species, which are
commonly inbred, The mating behaviour of the arrhenotokous T.urticse,
provides a built-in system for selection of inbred populations
followed 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 outcrossing can occur
(McEnroe, 1969).

b) Selection pressure Generally, the greater the
proportion killed each generation, the more rapid the increase in
resistance. This statement is based on the assumption that there is
adequate heritable variance in the surviving population; otherwise
it would eontradict Crow's explanation on King's experiment mentioned
above (Crow, 1957; King, 1954, 1955).

Selection pressure can be adjusted by repeating applications,
altering the concentration of toxicant and 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 rapidly under high pressure.

b) Under regular periodic sclection the same level of
resistance is reached in time regardless of select-

ien pressure,

c) Low selection pressure appears to produce more homo-

geneity than high selection pressure,

d) Higher levels of resistance can be demonstrated after

one severe selection.

The quantitative relation 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, counteracting 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 develop (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 rate 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 resistance gene (R) (ap-
proximating - q2!1+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 at 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 resistance depends on one,
or at most a very few genes.

Where an advantage is conferred on the organism, resistance
will develop at a much greater rate than where the gene is harmful
to its host, generally because it is present initially at a high

frequency.

2,5 STABILITY OF RESISTANCE

Once a resistant population is developed, there is no hard
and fast rule as to whether or not a resistant strain will revert to
normal and to how fast it will revert. In order to understand the
concept of reversion or stability of resistance, it is necessary to
view the words of Lerner (1954) who said, " attempts to shift pop-
ulations too rapidly 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 maintsinance of a phenotypic balance between
fitness-determining characters",

Since the genes causing 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 far as survival is.concerned (excepting
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the aspect of insecticide resistance). When the resistant population

is not being exposed to an insecticide, it can 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. Regression to susceptibility when selection for
resistance is relaxed is often observed (Pigmentel et al., 1951;
1953; Varzandeh et al., 1954) though sometimes not (Crow, 1954;
Lichtwardt et al., 1955; Lindgren and Dickson, 1945; Dittrich, 1961;
Saba, 1961), Thus it can be expected that when selection for resist-
ance is accompanied by 2 great deal of natural selection for general
fitness, the only kind of resistance factors that would become freg-
uent in the population would be those that cause very little reduct-
ion in fitness, Strains 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 resistance, but individuals are poorly
adapted for survival., These would revert to susceptibility much more
rapidly.

The fact that 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 population 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 resistance, 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-
tance 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 such a case will depend more on
other features. In the field, it is highly improbable that resistance
will maintain itself in any instance, since the influences of migra-
tion and the natural enviromment are considerable. In the laboratory,
a recessive chauracter in homozygous condition, provided it is neutral,
should show no tendency to revert., For a2 dominant gene on the other
hand, unless the insecticide discriminates between homozygous and
heterozygous resistant forms, in which case homozygosity can be att-
ained, selection will stop to all intents and purposes when the freg-
uency of its recessive allele has becomeé low enough that homozygous
susceptibles are unlikely to appear (Milani, 1958b). Thus, reversion
is likely to occur, although very slowly at first. With a population
of Drosophila, however, Crow (1957) has found that in spite of heter-
ozygosity for resistance factors, reversion did not occur in three
years after release from selection pressure., He concludes in this
case that the neutrality of the factors is sufficient to maintain
resistance.

Severe selection can bring about reversion. Helle (1962)
found that a highly organophosphorus resistant population of I.urticae,
which showed no signs of reverting over 11 years in the absence of

insecticidal treatment showed a considerable decline in vitality

after being scverely sclected 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). Crow's
results (1957) seem to indicate that more rapid reversion occurs than
would take place under less severe selection, because the selection
is taking place under circumstances where there is little natural
competition (uncrowded laboratories), so producing highly resistant
but very poor and weak specimens.

The resistance gene can be of advantage to its host as in
the Dieldrin-resistance gene in mosquito (Brown, 1958; 1961). The
linking of the resistance factor with some vital function is an
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 that, even if the resistant individuals can outbreed through
migration with normal individuals, the genes will be present in their
favoured linkage in a large number of individuals (Hoskins and Gordon,
1956) . Upon the resumption of selection, therefore, 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
which has reverted will be restored very rapidly 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-
ate 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 HORTALITY LINE: INTERPRETATION AND USES

Probably owing to the differences in the physiological and
biochemical processes of cach individual in a species, the reaction
to poison by members of a species will vary. Even in a group selected
for uniformity in size, age, rearing, ancestry and other similar
basis of classification, response to toxicants still vary from indi-
vidual to individual.

When the percent mortalities of a homogeneous insect popula-
tion are continously plotted on a graph paper agsinst varying log
doses, the resulting line is that 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 resistance levels (Tsukamoto, 1963).

An estimate of the LD50 from such a procedure is inadequate
for two reasons: first, the determination of LD5C is only approximate
because the interpclation along a curve is uncertain. Second, inform-
ation conveyed by the spread of the dosage-mortality relation is
neglected,

The transformation of co-ordinates to dosage in logarithms
and to percentage mortality in standard deviations or probits derived
from them, produces a straight line (ealled 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 majority 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 population's reaction
to various "internal factors" (eg. the number of factors or mechanisms
conferring tolerance or resistance to the insecticide). External
factors (eg. test method, chemical used, age and sex differcnces,
etc.) theoretically should not » but in practice influence the slope
of the line (Ballantyne, 1966). However, the slope is mainly depend-
ent upon internal factors.

The LD50 of the DM-line provides information on, 1) the
tolerance of the population if the organisms have not been exposed
to any insecticides (Hoskins and Gordon, 1956) and 2) the measure-
ment of the resistance that has been developed (Hoskins and Gordon,
1956) .

However, the LD50 gives little indication of what may be
expected, The slope value, on the contrary, provides some informa-
tion on the future development of the population.

a) steep-slope A steep slope indicates a
highly homogeneous population. A slope of this kind also indicates
that selection for resistant ones is difficult because the narrow
range reflects smaller variability. Even if the possibility of
selecting a few very resistant ones (maximum resistance) exists, the
resulting population will be low in fertility and viability; conseg-
uently the population may die off. The narrow range also indicates
that only one or a few factors are probably responsible for resis-
tance (Hoskins and Gordon, 19563 Brown, 1959; Tsukamoto, 1963).

b) low-slope A low slope indicates a wide
range of susceptibility and that there are a large number of factars
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 low 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, Ag the resistance character becomes more common, the DM-
line slope flattens, indicating that the variance in resistance is
becoming greater and the population more heterogeneous as a conseg-
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 decrease 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 (Crow, 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 bepefits that the resistance
genes provide in their protective role and the vitality depressing
effects they confer., This situation is most likely to occur when
there are multiple genes for resistance (Hoskins and 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 Gardon, 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 data

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 number 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 testing, the units of dosing (concentration
of toxicant, weight of a material per unit of body weight, amount of
spray, etc.), age and sex, should not, theoretically, produce changes
in the slope of the DM-line, but in practise they do as had been
shown by Hosking 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, much of the material may be lost and consequently
there is false increase in the value of LD50 and a lowered slope

velue of the DM-line (Hoskins and Gordon, 1956; Busvine, 13956).

2.6,3 Misinterpretation of the response to selection pattern

The pattern of resistances build-up obtained from noting the
responses of either the LD50 values or the DM-line (i.e. the expon-
ential increase associated with changes in the degrec of variance)
has been occassionally accepted as evidence for the polygenic inher-
itance of resistance (Watson, 1956). In many of these cases, it was
proved later that the inheritance was monofactorial, Milani (1958a;
1958b) explained that 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 limitations, the DM-line is still
widely employed in genetic research of the resistance phenomenon.
Where no mutant markers 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. Where the DM-
line is used for genetical amalysis, the vigour factors should cont-
ribute only a negligible effect on tolerance both in the resistant
and susceptible populations.

In normal procedures, straight DM-lines are obtained for

susceptible and resistant strains and for their F1 offspring. In the
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case of heterogeneous populations such as those of the F2 or back-
cross generation, the DM-lines show various inflexions which provide
information on the relative proportion of segregating phenotypes and
on pogsible mechanisms of inheritance (i.e. the number and nature of
the genetic factors which confer resistance (dominance and gene

interactions are factors that influence the shape of the curve).

2,7 GENETICS OF RESISTANCE IN SPIDER MITES

In studies on resistance 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 cnes that have been studied with regard to the
genetics of resistance (Helle, 1965a).

The genetics of resistance has to date been studied indirect-
ly through a system c¢f reciprocal crosses and backcrosses. Reciprocal
crosses of a resistant and a susceptible strain, in all cases, prod-
uced resistant Fl offspring. rhis demonstrated that resistance was
dominant and transmissible by both sexes. Since the backerossing of
these hybrid females (Fl) to normal males produced an F2 apparently
made up of two classes, a 1:1 ratio of resistant and susceptible
individuals, several authors suggested that a single dominant chara-
cter appeared to be responsible in particular strains of T.urticse
and T.pacificus (egs. Taylor and Smith, 1956; Andres and 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 recessive Mendelian factor,

as manifested in the Leverkusen-R strain (derived from susceptible

vty
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T.urticae through demeton selection) which Dittrich used in his
study.
The series of studies on the Leverkusen strains were contin-

ued by McEnroe (1967) . He made inbred lines of I.urticae, developed

from a population plateaved by directed selection with methyl
demeton, Toxicological responses of the different lines, using
methyl demeton as the toxicant, ri.owul the presence of hid.icn
genetic variability and that a dominant major factor was not fixed
in the Leverkusen~D strain.

In addition to the major factor contributing to resistance,
geveral other minor factors may contribute towsards total resistance.
Anong them are the cytoplasmic factors,which are one or more toler=
anceiincreasing.factors inherited-only wia- the female parent.(Over-
meer, 1967), Uytoplasmic factors as contributing factors are evident
when the reciprocal crosses show differences in toxicant response.
Predetermination (the determination of gene-controlled characters
by the maternal genotype prior to the fertilisation of the egg cell)
was found to affect total resistance (Overmeer, 1967). His S x SR
and SR x S crosses exhibited different degree of response (SR is
the homozygous backeross strain which is derived cytoplasmically
from a susceptible mother and which obtained its resistance factor
from a resistant male), Finally, a minor gene or genes, possibly
modifiers, were often quoted as contributing factors towards resis-
tance (Schulten, 1966; Helle, 1962; Overmeer and Harrison, 1969). If
through repeated backerossing of the hybrid (R x S) to susceptible
males, there is an indication of a decrease in resistance in the
homozygous backeross 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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on. the same linkage groun large distances apari, or as closely linked
genes or alleles, is uncertain. Hcwever, in one instance, ochulten
(1568), considered that the orgmnochosphorus resistances in the

81 strain (Helle, 1962) and the CP strain wers due to different

ispalleles .

2.5 BIOCHEMICAL GENETICS CF HESISTANCE

Even though numerons different types of chemicals have been
used as insecticides, relativelyw little is known of their mode of
acsion and, generally, even les: is Tac'n of the biochemical resis-
tance mechanisms that opcrate against them.

Althovgh resistancc mechanisms can vary, even from strain
w0 shrain in scme cas23, there tands to be a linited nusber of

general resistance rnechanisus, In irsects, the only general mechanism

|
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s far detected is ono of ifieation (Oppencorth, 1958; March,
19583 Lipke and Kearas, 1955; Broun. 1961; March, 1950; Rovlston,
1969; Kimura ard Brawn, 19¢.: llorello, "964). Tn cattle ticks and
spider mites, two gereral mechanisms have been found, yiz., insensi-
{ive cheolinesterase reaction (Smissaert, 1964; Voss and Matsumara,
1964; Roulston e} al., 1949; Roulston, 1949; Roulsion et al., 1968)
and detoxification (Matcumera and Voss, 1954; Herne and Brown, 1969).

In this review, the auvthor wishes to place more emphasis on
the biochemical resistance mechanisms of the spider mites, espscially
with reference to the cholinesterase innibiting insecticides which
are more thoroughly studied than any other groups of insecticides.
This group ineludez the organophophoius compounds and the carbamates,
both of which are believed to kill arthropods by inhibiting the

enzyme cholinesterase (ChZ) with consequent disruption of nervous
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activity caused by the accumulation of acetycholine at nerve endings.

Smissaert (1964) points out that in resistant two-spotted
spider mites of the Leverkusen-R strain, the cholinestersse enzyme
which is normally present in nerve tissue and which is the target for
organophosphorus insecticide action, is changed or altered. The
change is reflected in a lowered rate of inhibition of the cholin-
esterase.

By using the same strain, Voss and Matsumara (1964), veri-
fied Smissaert's findings but simultaneously they found that in
another resistant strain (Blauvelt strain - organophosphate resis-
tant), therc is no unusual insensitivity of the cholinesterase
enzyme. In this particular strain, however, parathion and malathion
hydrolysis was found. They concluded that there are two different
mechanisms of resistance in these two independent resistant strains.
The mechanism discovered by Smissaert also occur in the 'Baardse!
strain of T.urticae (Felle, 1966), in a strain of I.pacificus McGre-
gor (Helle, 1966), and in three New Zealand strains of T.urticae
(Ballantyne and Harrison, 1967).

Jross-resistance of organophosphate resistant houseflies to
carbamates had been shown to occur (Forgash and Hansens, 1959;
Georghiou et al., 1961). If a similar 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 resistance between
organophosphates and carbamates in mites. This is substantiated fur-
ther by the organophosphorus resistant Blauvelt strain which showed
absence of cross resistance against carbamates (Voss and Matsumara,
1964). In this strain, resistance to organophosphorus was due to
detoxification, which would probably explain the absence of cross=—

registance.
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Ballantyne and Smissaert (personsl communication) in a study
of response to formetanate (= carbamate) using organophosphorus
resistant strains called by Schulten (1968) OP (cross resistant to
carbamate CPMC) and 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 resistance 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 fact that the OP shows cross resistance to CPMC
but negatively correlated resistance to formetanate, points out that
allelic difference can also give rise to different response to
different carbamates,

In conclusion therefore, different mutations in the choline-
sterase enzyme gene can produce structural effects which result in

different inhibition rates to a range of chemical types.

2,9 BASIC GENETICS (F SPIDER MITES

Schrader (1923) distinguished cytogenetically two types of

eggs and larvae in T.urticae, viz., with three or with six chromo-
somes. He also observed that the nuclei of the spermatogonia 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 result in haploid males and diploid females respectively.
Fertilized females cdn produce offspring (females only) androgenet-
ically if virgin females are exposed to a certain level of X-radia-
tion before fertilisation (Overmecer et al., 1972).

Generntive or haploid parthenogenesis, as this form of repro-
duction is called, is a salient feature of spider mites. Generative
parthenogenesis is always facultative and arrhenotokous (male-prod-
ucing and seems to be the only type of reproduction in the sub-
family Tetranychidae (Pritchard and Baker, 1955; Helle and Bolland,
1967). It appears that a normal meiosis takes place during oogenesis
while in spermatogenesis only normal mitotic divisions occur (Suom-
alainen, 1962),

Since moted and unmated females of T.urticae can produce
male offspring , one wonders whether the sons of the former are
really impaternate., Urosses with marker genes have demonstrated
unmistakably, however, that the male offspring always shows the
genotype of the mother only (van Zon and Helle, 1966), Under a
situation where the females are produced androgenetically, the hap-
loid males derived from the androgenic mothers will not be the gen-
otype of the mother (Overmeer et al., 1972).

Since parent males have no genetic influence on the present
generation males, the ratios of phenotypes among haploid offspring
will reflect the segregation of genes that occurs during meiosis in
the female parent. Moreover, because arrhenotoky allows recessive
genes to be expressed immediately in the haploid males, 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 huve a greater chance to spread and establish than
those speciecs with diploid males., From an evolutionary viewpoint,
such a species should be less plastic than its normal diploid count-
erpart (Suomalainen, 1962).

To date, various visible mutants (aberrations in the pigment-
ation 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 linksge map. Such
linkage data would be of tremendous value to 2 genetic analysis of
resistance (Oppenoorth, 1945) since present measurements by dosage-
mortality tests are restrictive. Since spider mites have only a
small number of chromosomes, a few markers would be adequate for the
localisation of the resistance gene, Markers might also allow a more
positive identification of smaller factors involved in a polygenic

system. So far, markers have been isolated for I.pacificus, T.urticae

and T.neocaledonius (Schulten, 1968).

In spite of the many advantageous properties of spider mites
as research material, such as rapid development rate, high reproduc-
tive potential, male haploidy, case in rearing, small numbher of
chromosomes and short life cycle, they are disadvantageous when
compared to the arrhenotokous Hymenoptera (Habrobracon and Mormonie-
1lla in particular) because of the small number of suitable markers

available.

2,10 INCOMPATIBILITY IN T.URTICAE

In T.urticae, there is frequent occurrence of repraductive
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 commonly 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 Fl and offsprings obtained from hybrids of reciprocal
crosses between two strains differed considerably. This suggests that
the cytoplasm can play a role in the lncompatibility 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 from reciprocal crosses.

The causes of different incampatibility patterns of two-
spotted mite populations are not fully understood. The fact that the
Fl 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 incompatjbility. The chromosomal rearrangements
(translocations, inversions) can cause abnormal pairing (failure of
pairing and disjunction) during meiosis and as a result give rise to
deficiencies and duplications (aneuploidy) of genetic material in the

F, eggs (Boudreaux, 1963; Helle and Pieterse, 1965). In cases where
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there is an exceptionally high percentage of inviable diploid eggs
in the Fl’ the hybrid itself is affected apparently as a result of
the combination of two different gene complements in one genome
(Helle and Pisterse, 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 incompatability fluctumtes, 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 incompatibility phenomena 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). Sometimes, adjacent populations
exhibit nearly complete genetic incompatibility whereas other popula-
tions from widely diverse geographic areas show moderate incompati-
bility (Helle and Pieterse, 1965). The substantial interpopulational
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 regular interpopulational exchange by wind,
plant materials and phoresis, suggest thut the genetic diversity is
a projection of the accelerated differentiation of germinal changes
in spider mites due to their reproductive rate and male haploidy
(Helle and Pieterse, 1965), Favourable mutations (ard also chromo-
some alterations) in spider mites are less liable to dispersive
forces and more prone to fixation as compared to animals with dip-
loid sexes (Helle, 1965). As a result, the chance 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 rearrangements such as reciprocal translocations and
inversions can be produced without the formation of acentric and
dicentric products. If such translocations or inversions are linked
with some selective advantage, they become rapidly established in
balanced conditions; that is, they remain in the heterozygous state
due to lethality 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 retain 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 mutation rate

averaging 2 x 1074 per gene (Helle and van Zon, 1967) and by a strong

tendency in mature to inbreed (mother x son)(Helle and Overmeer, 1973).
The effect has been found in T.urticae by van Zon and Over-

meer (1972) who showed that X-ray treatment followed by mother x son

inbreedings gave rise to new races which showed genetic incompati-

bilities. Apparently, the chromosome mutations are both easily

induced (because of the holokinetic structure of the chromosomes)

and established (because of the haplo-diploid reproduction).

2,11 SEX-RATIO IN I.URIICAE

In I.urticae, it appears that for a particular population a
certain sex-ratio which fluctuates around a mean under normal cir-
cumstances of rearing is usually found. The mean sex-ratio can differ
from strain to strain (Gasser, 1951) but in general, the number of
females surpasses 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 was no normal sex-
ratio for spider mites and it was shown that copulatory accidents
(interruption of coitus and variable sperm load) could cause females
to produce varying frequencies of females. However, if one is to
argue from the point that the mating capacity and the sperm supply
of one male is sufficient to fertilize several dozen females, it is
not at all convincing that mating or sperm supply will influence the

sex-ratio in nature uespite the¢ occurrence oi « hipgher tuaule:male
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ratic in most populations. In support of this is work done by Over-
meer and Harrison (1969) and Mitchell (1972).

Overmeer and Harrison (1969) indicated that differences in
the sex-ratio among various different homogeneous or heterogeneous
populations (with regard to differences in sex-ratio) appeared to
be heritable. By inbreeding a number of lines of T.urticae using sib-
mating, they showed that the sex-ratio was controlled by the pheno-
type of the mother. The same result was obtained by Mitchell (1972)
using a different strain but he also found that the maternal effect
seemed to be limited to a single generation, Overmeer and Harrison
(1969) explained the maternal effect as due to a cytoplasmic system
or a sex-linked trait. Recently, Mitchell (1972) threw more light
on the situation by using inbred lines that differed in the sex-
ratio (i.e. selections for high and low sex-ratios - 2 system diff-
erent from the haphazard selections adopted by Overmecr and Harri-
son). He agreed with Overmeer and 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 and the genetic control of sex-
ratio is polygenic. Observations that 1) lines could be established
that did not diverge in sex-ratio under directed selection, provid-
ing evidence for sex-ratio to be under the control of a few locii,
and, 2) there was greater variation in the offspring of females from
the intermediate range for sex-ratios than from either extreme,
providing evidence for heterozygosity at autosomal locii, seemed to
rule out the possibility of a hemizygous sex-linked trait mentioned
by Overmeer and Harrison (1969).

Since genetic polymorphism and polygenic control are feat-

ures of sex-ratio 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 are present at
intermediate frequencies, the population ecan easily respond to
natural selection over a very few generations. This concept can
probably explain the adaptive role of sex-ratio in determining the
success of dispersing mites (Overmeer and Harrison, 1969), and in
responding to different selective cultural regimes (Mitchell, 1972).
Thus, it is importent to determine the nature of the select-
ive forces that fix the sex-ratio; a long term response study will

be more valuable than a simple phenotypic response.,

2,12 SEX-DETERMINATION IN T.URTICGAE

Sex-determination in arrhenotokous species is difficult to
explain but some hypotheses, which are 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 elem-
ents. According to this theory, one set of genes for femaleness
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's theory of multiple-alleles in Habrobracon (1943)

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

example, lez, XBXA’ X X?’ etc., while males are haploid, for exam-

4
ple, X,, X,, X, Xé’ etc., This theory apparently would not apply
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to spider mites, since mother x son crosses result neither in lethal
eggs nor in diploid males, although it is possible that some mechan-
ism operates at the time of, or following, fertilisation, such as
selective syngamy or heteropyenosis, to preferentially eliminate or
inactivate one set (maternal or paternal) of chromosomgs. Such mech-
anisms are known to operate in some scale insects and in the mealy

bugs (Markert and Ursprung, 1971).

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

tendency genes, m, and a series of female-tendency genes, f, are
considered to be scattered over several chromosomes. The effects of
m would be the same in hemizygotes as in diploids and the effcet of
all m's may be represented as M in both kinds of individuals. The
effect of f's would be accumulative and therefore would be F in the
haploids and 2F in the diploids. So, sex would be dctermined by the

the equations 2FMM = female and MF = male.

d) Helle's theory (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., Regarding the chromosomal factors, he postulated the
existence of sex-chromosomes, and that females could be heterogametic,
assuming polarised meiosis with selective syngamy. This theory does
not seem to be attractive, as androgenetic females, homozygous for
the paternal recessive marker, can be obtained as a result of the
combination of two identical haploid male chromosome complements,
when females are exposed to X-radiation before fertilisation by

males 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, and included what were described as giant
diploid males and haploid females. Possibly these reflect the break-
down by recombination of a sex determining segment that is normally
maintained in & balanced heterozygous state by a chromosomal rearr-

angement (as described earlier).

2.13 METHODS (F GENETIC CONTROL

In the control of insects, approaches involving the use of
insecticides are coming under increasing attack by environmentalists
because of their ecological side-effects. To replace the use of in-
secticides, considerations of the use of sterile or geretically in-
compatible insects, of sex or other pheromones, of attractants in
association with traps or poison baits, of hormones ar hormone
analogue, of physical factors such as sound, shape, colour, and of
factors which modify chromosomal segregation, have been made. In this
review, the first and the last methods are elaborated; basically
these methods constitute genetic control, which has the advantage
that its immediate effects are restricted to the species or strains
and there are few ecological side-effects beyond those caused by
elimination of the pest species itself.

Various techniques of genetic control have been developed.
Some have already been applied in the field while others are at the

experimental stage,

a) Hybrid 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 method had been

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

been suggested that the tzetze fly, Glossina swynnertoni, might be
eradicated by introducing Glossina moisifans into its territory.
These species mate with each other but only a few offspring are

obtained and these are mostly sterile.

b) Cytoplasmic incompatibility In this situation,

a cytoplasmic factor 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 incompatitle sperm after
entry into the egg, but before fusion with the egg nucleus. If an
embryo develops,it is haploid and non-viable. The reciprocal cross
is usually normal, Laven (1967) made use of this phenomenon in
COulex pipens in which 20 different crossing types are known. He used

a strain of Culex pipens fatigans with cytoplasm from 2 strain from

Paris and genome from a Californian strain. Males of this synthetic
strain were shown te be incompatible with females in the wild pop-

ulations around Rangoon.

c) Sterile males Some factors 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, Cochliomyis hominivorax in Curacao and Florida;
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the oriental fruit fly, Dacus dorsalis in Guam; and the melon-fly,

Dacus cucurbitae. Irradiated males are relessed into pest infested

areas. Chemosterilants, still under experimentation, may also serve

as a technique for sterilisation in the future.

d) Introduction of deleterious chromosomes The

principle 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. Repested releases are often necessary
to compensate for selection against the chromosomes. The appropriate
genes very often exist at low frequency in natural populations and
can be isolated by inbreceding (Wright and Pal, 1967), or induced by
X-rays,

A similar method is the introduction of chromosomes carry-
ing reciprocal translocations. Trﬁnslocation heterozygotes produce
zygotes with a lowered viability rate. First suggested by Serebrovsky
(1963), their use was experimented by Curtis (1968) with tzetze flies,
Glosgina species, using cages. He found that half  the gametes (the-
oretically £ are expected) from the translocation 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 genes. If such a factor could be
linked to a recessive deleterious gene such as q lethal or a steril-
ity factor, it could cause these genes to spread through the popula=-
tion, which would be eradicated eventually, There is a factor in
Aedes aegypti which causes populations to become about 90% male. It
is known as "distorter" and is probably an 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 thé two-spotted spider mite, T.urticae,
Before any techniques can be recommended, it is essential to know

the genetic background of the various strains of T.urticae.

2.1, GENETIC INCOMPATTRILITY AS A POSSIBLE MEANS OF CONTRCL IN
SPIDER MITES

Since T.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 a2 gimilar line, instead of using naturally occurring
incompatible populations, the males of T,urticae can be made incom-
patible by means of radiation (van Zon 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



shown that in some cases induction of two different chromosome muta-
tions can result in nearly complete reproductive incompatibility.
Genetic control using males of artificially induced chromo-
somal races can be useful in morc or less isclated areas of limited
size, like the glasshouses, The introduction of such males which
are resistant to a particular toxicant could be appropriate after an
insecticidal spray, so that the ratio of introduced males to host
males is very high. In a situation such as this, it is necessary
that the reproductive incompatibility between the released males
and the resistant mites be 100%, so as to avoid the introduction of
resistance genes into the glasshouse, along with chromosom2l rearra-
ngements which may render subsequent releases of males ineffective

van Zon and Overmeer, 1972),



CGHAPTER 3
LIFE HISTOKY AND BEHAVICUR OF MITES

Since a genetical study of spider mites involves 2 great deal
of crossing and breeding, it is essential to know the biology and
behaviour of the organism. A considerable number of authors have
dealt at length with these aspects (Oagle, 1949; Harrison and Smith,
1960; Helle, 1962; Hussey and Parr, 1963). Without going into great
detail, it is here intended to briefly present the various facets of
the biology and behaviour of the two-spotted spider mite, T.urticae,
which are known up to the present date, with special emphasis on
those which bear relevaince to the present study., Most of the inform=-
ation is summzrized from the reviews of various authors (Boudreaux,

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

1973).

3.1 LIFE CYULE (F T.URTIJAE

The life cycle of two-spotted spider mites consists of alter-
nating active and quiescent stages: Egg—3 Larva~——s llymphochrysalis-
Protonymph— Deutochrysalis—3 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 averages about
10-12 days at 25°C. Embryonic development (incubation) and post-
embyronic development each requires 5-6 days. The time period also

varies with different strains but the difference is not more than



43

EGG*¢

Spherical, approximately
0,1/mm in diameter.
Opaque in colour when
hatched, Turns yellow
just before hatching.

v
LARVA

Size and shape of egge

6-legged, Turns to

yellow or light green
as it matures,

v
NYMPHOCHRYSALIS

First resting stage

PROTO&E?PH

TELIOCHRYSALIS

Third resting stage

DEUTONYMPH

Larger than previous
nymphs - darker or
lighter green. Two
black spots become
more massive and

distinet. Sexual dim-
orphism is first app-
arent,

DEUTOCHRYSALIS

Second res%ing stage

8-legged. More oval
than the larva. Dark-
er in colour with two
blackish spots (caused
by the presence of

food particles and pig-
ments in the digestive
tract) one on each side
of the body behind the
carmine spots

ADULT FEMALE

Oval, 0.45mm in length
and 0,28mm in width.
Black spots spread and
mite appears black on
maturity. Green, red,
orange and yellow forms
with grsen ones pred-
ominant,

ADULT MALE

Smaller than female
and more active, Pear-
shaped, lighter colour.
Black spots are less
dense., varmine spots
more conspicuous.

ANNOTATED LIFE-CYCLE CGF T.URTICAE
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three days. The time taken for each stege to develop at 25°C is given

below:

TIME (DAYS) S22 3.4 .5 6.7 8.9 1811 1R 13

Nymphochrysalis
Deutochrysalis

RESTING STAGE Egg 4. _Eliochrysalis

T
LT

A
T Adult
Deutonymph

Protonymph

MOBILE STAGE

Larva

0
Stages of Development of T.urticae at 25 C

From a normal mixture of haploid and diploid eggs, the adult
haploid males appear to emerge first, The males usually haver over the
female teliochrysalids before any of the latter have emerged. Attrac-
tion of males to females is regarded as being due to a pheromone
(Cone gt al., 1971). Immediately after emergence, the females are
fertilized. In copulation, the male crawls bebeath the female from
behind, arching the pointed tip of the abdomen to introduce the
aedeagus into the female genital opening. Copulation can oeccur
several times with different males but generally only the first mat-
ing is successful and necessary, permitting a female to lay diploid
eggs for the rest of her life. Many of the eggs remain unfertilized
since males always appear among her progeny (Helle, 1967).

Usually, after copulation, females tend to move to new leaves.
Migration of this kind (not due to overcrowding or shortage of food)
occurs only during the pre-oviposition period (less than one day
up toabout 8 days). With the strains used in the present study, the

trend appears to be between 1-2 days in the normal enviromment. The
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period is variable between strains. There is a clear indication

that the mating preference of T.urticae femules for males of their
own strain (geographical isolate) does occur regardless of whether
males of other strains are immediately available (Smith et al., 19693

Dieleman and Overmeer, 1973).

3,2 ENVIRONMENTAL FACUTORS AFTESTING DEVELOPMENT AND VIGCUR

Mite outbreaks are favoured by hot, dry weather and are
checked by high humidity (Boudreaux, 1963; Bognar, 1960). The opt-
imum temperature for egg production seems to be 3003. Egg laying is
also favoured by a drier surrounding. 3000 is alsc the optimum temp~
erature for maximum rate of development (Bravenboer, 1959). The
two-spotted spider mites seem unable to develop successfully at
relative humidities above 80% or below 25% (Boudreaux, 1963). 4
figure of 30-50% R.H. can be suggested as optimum (Boudreaux, 1963).

Two-spotted spider mites are greatly affected by the nutri-
tional status of their host-plant substrates, as determined by
normal or abnormal seasonal changes in plant physiology, by ferti-
lizer practices, or by changes from other causes in the chemical
composition of the leaf tissue. Generally, good crop husbrandry
encourages maximum populations of two-spotted spider mites. The
author's observations have been that the greener the leaves (i.e
more nitrogen) and firmer the leaf tissues (i.e. more calcium), the
more vigorous will be the mites which feed on them. This is in
agreement with experiments which show that any crop management
practice, chemical or otherwise, which significantly affects leaf
nitrogen, will have corresponding effects on the plant feeding mite

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

3.3 SEASONAL LIFE CYCLE AND BEHAVIQUE CF MITES

In early spring, the surviving overwintering females of
T.urticae seek out and lay eggs on the new season's foliage, usually
on the undersides of susceptible host plants, in response to 2 nega-
tively geotactic orientation (Foott, 1964). Various authors report
egg production per female in the range of 30-118 eggs at a rate of
2-12 per day (Arcanin, 1958; Bohm, 1961; Gasser, 1951; Rambier, 1958).
Several broods are produced over the summer. As the scason progresses,
the mite colonies rapidly reach a state of overerowding, and dis-
persal to uncolonized sites on the suame plant and to other plants
occur foirly rapidly. Mites in the overcrowded state form rope-like
structures which are threads of cotton with mites attached to them.
These can be several feet in length and allow mites to be dispersed
to other leaves, plants and to the ground. In the field, mites are
normally dispersed by wind which is capable of dispersing mites at
all stages. Within glasshouses, dispersal may be achieved by crawling,
falling or air current (Hussey and Parr, 1963),

With the approach of winter, the mite colonies cease feeding
and reproducing and undergo a number of changes. All, or most of the
males die, and the overwintering forms are usually all adult females
(Boudreaux, 1963; Gasser, 1951). In the higher latitudes, where
long, extremely cold winters are 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 resumed (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 (Bondarenko, 1958; Bengston, 19653 Gasser, 1953).

The winter females, by a geotactic response, usually descend
from the host plants in search of suitable hibernation sites.
Favoured locations are beneath bark scales on the lower trunk of
deciduous hosts, in cracked or damaged bark, under debris in crotches
and under dead leaves and rubbish on the soil surface close to the
butts of trees (Un.in, 1971). Burrowing under clods or into loose soil,
particularly near the junction of root-stock and soil is usual. In
milder climates, where true diapause does not occur, some or all of
the mites migrate to altermative host plants where feeding and poss-
ibly reproduction may occur at a more or less reduced rate.

In gpring, with rising temperatures and nccessary daylengths,
the winter colonies become active, commence feeding and begin to
change colour from red to light green, With the coming of winter, the
colour change is reversed, that is, from green to carmine, bright
red or orange. In a study of T.cinnabarinus (Veerman, 1970) and
I.pacificus (Veerman, 1972), Veerman found that the pigmentation of
spider mites is probably due to the presence of esters of keto-
carotenoids (3—hydroxy-d»keto—ﬂ—carotene, 3-hydroxy-4, 4'-diketo-8
carotene, and astaxanthin) which are derived from B-carotene taken
up by the mites from the plants, Jince pigment analyses demonstrate
that the same range of carotenoids occurs in both wild type females
of T.cinnabarinus and T.pacificus, Veerman explained that the colour
difference is probably due to a quantitative difference in pigment

composition, or the presence of different carotenoid-protein complexes



48

in both species, The same explznation is probably applicable to the

colour change in T.urticase during winter and spring.
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CHAPTER 4

MATERIALS AND METHODS

4,1 THE STRAINS (OF SPIDER MITES

For the present study, the following strains (colonies) of

T.urticae are used:

1. Palmerston North Normal (PN) A normal (sus-

ceptible) colony collected in Palmerston korth, North Islunu, off

garden beans,

2, Havelock North Resistant (HNR) A colony coll-

ected from Havelock North, North Island.

3. Levin Resistant (SF) A colony coll-

ected from Levin, North Island, off Chrysanthemums.

4. Levin Horticultural Research Station Resistant (LHRS)

A colony collected from Levin Horticultural Research Station.

5. Ettrick Resistant (ETTR) A colony coll-

ected from Ettrick, South Island, off strawberrics,

6. Lines Resistant (LINES) A colony coll-

ected from strawberry  l.nts in Lcevin i'rom the property otlir, Lines,

4.2 MAINTAINANCE, ISOLATION AND DISPOSAL CF SPIDER MITES

The six strains of T.urticae mentioned above are reared on
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dwarf bean leaf cultures (Phaseolus vulgaris) in a thermostatically
controlled room of 25°C (24°C - 27°C).

Each leaf culture consists of a primary bean leaf pressed on
a ball of cotton-wcol which has been dipped in a nutrient solution

(which contains 21.3 gm of KNO,, 12.7 gm of MgSOA.7H2O, 14.1 gm of

o
KHQPOA, 0.5 gm of (NHA)2804 and 18,6 gm of W N0y in 2,500 ml of
water). The cotton-wool, contained in a perforated aluminium foil
dish, is placed on a plastic tray (Plate 1) which contains some
water to keep the cotton-wool moist and the leaf turgid at all times.
Whenever the water level is getting low, further water is added.

Since the room is totally closed from sunlight, continous
artificial lighting is employed to provide long day environment
which provides optimum development for mites (Plate 2). Healthy green
leaves are necessary for the'culturing of mites (light’intensity and -
quality were found to be inmportant factors in the growing of beans).

To keep a continual and essential supply of bean leaves,
primary leaves of beans at various stages are grown. This is 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 fertilisers (N,P,K) increase the
growing rate and the quality of bean leaves,

As the mites are extremely light animals (5-25ug per organism;
Ballantyne, 1966), and can be carried on air currents and clothing
especially as a consequence of spinning, the isolation of various
colonies and crosses is an important consideration. Movement of in-
dividuals from one colony to another can completely alter the orig-
inal genetical constitution of the strains and to overcome this,

several precautions are taken. First, adequate water is added to
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plestic trays so that the cotton-wool will be moist all the time and
will stop mites from migrating from one aluminium foil dish to
another., Second, the marginal ¢dge of each leaf culture is further
isolated by a layer of raised cotton-wool. Third, the water in each
plastic tray serves as a barrier to the various aluminium foil dishes,
Fourth, the culture room is kept draught free.

After 2-4 weeks, new cultures are made to replace old ones,
A piece of old leaf of each strain is introduccd onto the new leaf
culture by means of 2 hand clipper and a pair of scissor. Mites,
after finding that the nutrients are becoming depleted in the old
piece, migrate to the new leaf in search of new colonising grounds
to lay eggs. As contamination of mites can occur by way of contam-
inated equipment, precaution in the form of flushing the tools in
running tap water arc made before and after the introduction of old
culture into the new one.

Old cultures are discarded with appropriate precauticns

taken to ensure that remaining mites are dead.

4e3 TOXICOLOGIGAL TESTING

The toxicological method used in this study is the slide-dip
method, which was first used by Voss (1961)(Plate 3). 4 slide consists
of an objecf 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
handling 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 with small pieces of



Plate 2

[rays of leaf cultures kept in
long daylength cnvironment.
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Plate 3 Glass slides with aouble-sticking
LBpes contalining miltes pl&ceu
dors Hlly =
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filter paper and placed in an incubztor at 2500. Mortality is deter-
mined after 24 hours. A mite which moves its leg after being touched
with a fine brush is considered to be alive.

For toxicological testing by slide-dipping, age uniformity of
mites is an important factor for obtaining recliable results. To ach=-
ieve this, eggs are laid in waves by fertilised females of desired
strains or crosses on several leaf cultures, each containing 50-60
females which laid 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 preczution in case there is some misfortune with
the first wave (eg. non-uniform response which requires testing to
be repeated, incorrect estimation of concentration range or inadequate
number of mites). Normally, one egg wave is adequate to allow testing
of approximately 7-12 conventrations involving 630-1080 mites., Just
before the mites develop into the adult stages the teliochrysalids
are transferred to fresh new cultures where they feed on fresh
leaves for 2-3 days. Mites obtained in this way are not only uniform
but healthy, the later condition being an important criterion in
obtaining uniformity of response., To obtain DM-lines which may later
be used for comparative purposes, a more or less standardised level

of mite vigour has to be emphasied

4o SELECTION TECHNIQUE (LEAF-DIP)

A number of female teliochrysalids are collected and placed
on a detached leaf culture. After their emergence, the mites are
transferred to another leaf culture which had been dipped in a tox-
icant 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 toxicant exposure) are
transferred to an untreated leaf culture where males of the desired
strain for crossing are introduced. The fertilised females, after the
removal of males, are allowed to lay egg waves as described before
(43).

4.5 MOTHER x SON INBREEDING

The mother x son inbreeding is performed as follows: .ibout ten

unmated females which survived from a 1-2 days exposure to a diseri-
minatory dosage using the leaf-dip technique are isolated singly on
leaf cultures. The haploid eggs are allowed to develop to adults such
that mating between sons and mothers can take place. The female pro-
geny from the mother x son cross are tested with a discriminatory
dosage by using tho slide-dip. The populations which give a near 100%
survival are selected and bred for further study. Theoretically, the
haploid males from the virgin mothers should be tested for full resis-
tance to determine the genotype of the latter before any inbreecding is
proceeded. 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 heterozygous
for resistance, there is a 0.5 probability that the mother will be
fertilized by a son bearing the R genotype, resulting in the product-
ion of RR and Rr individuals. Rr females are heterozygous for resis-
tance and because of the dominant character of the resistance factor,
they may be mistaken for RR homozygotes, Despite the attractive-
ness of the latter procedure, the testing of haploid sons is not poss-
ible for two reasons, They are more liable to injuries caused by hand-

ling than the females and tend to wander off into the cotton-wool.
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Schematically, the mothcr x son inbreeding is presented
below:

4, Homozygous resistant mother

selection with 1,000 ppm parathion (leaf-dip)

'[ HR?- } unmated mother

X 4N\

R haploid sons

R’lhsl Fg _best with 1,000
| j‘pprﬂ parathion us
ing slide-dip

» Homozygous resist-
ant population.

B. Heterozygous resistant mother

selection with 1,000 ppm parathion

/RI'\ unmated mother
| R T haploid sons
v .

/darathion using
slide-dip

m_ ke Jects

test with 1,000 ppm parathion using Rejects.
slide-dip

NOTE: Selection using 1,000 ppm of parathion is regarded as
vigorous and probably mites showing heterozygosity for
registance 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 result, cannot be confirmed until the
DM-lines are obtained.
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46 MITE CROSSING AND HANDLING METHODS : RECIPROCAL CROSSES

Crosses of mites between strains are performed on single
leaf cultures. A number of female teliochrysalids of one strain
(30-40) are placed on a leaf culture and males of the opposite strain
are introduced. Since the sex-ratio of female to male in the popula-
tions of T.urticag fluctuates between 2-3, the males to female ratio
used for crossing can be estimated to be 1:2 or 1:3., Thus, for the
present experiment, usually fifteen to thirty males are used for
crossing with a corresponding number of 30-40 females . Usually,
males are introduced to the female teliochrysalids before emergence
but this technique is not applicable in instances where the male
and female teliochrysalids are not clearly distinctive. When such a
situation occurs, the female teliochrysalids are allowed to hatch
before males are introduced so as to ensure that the teliochrysalids
give rise to females,

The males and females are mixed for about 48 hours, a time
period which is adequate to fertilize 31l the females. The males
are removed and the females are left to lay egg waves,

The reciprocal crosses are carried out as shown below:

P RRY x ro” rrg x Ro?
——— sterility per- _ 3 sterility per-
centage and centage and
sex-ratio (S.R.) sex-ratio (S.R.)
L determination L determination
o
F, Rrf. grf

toxicological test (DM-test)  toxiocological test (DM-test)



4.7 BACKCROSSING WITH SELECTICN

Backerossing with selection serves to substitute alleles of
the resistant strain for those of the normal strain excepting the
resistance gene which maintaing its position auc to sclection press-
ure. The end product, after random mating and selection, is a strain
with a homogencous genome but containing the isolated resistance
gene. For backcrossing, virgin females of the resistant strains are
backecrossed to PN males and selected with parathion-methyl. Owing to
the shortage of time, the number of backerosses was limited to four.

The scheme for backcrossing is presented as follows:

P R.c”.x PNo”?

sterility percentage (S.P.) and sex-ratio (S.E
(S.R.) determination

F R$ x PNo7

S.P. and S5.R. determination

B, Selection — RY x PNo7
S.P. and S.H. determination
B2 Selection —-...-_R?_ % PNS?
S.P. and S.R. determination

B, Selection —————=R$ x PNo7

3
| 3 S.,P, and S.R, determination

B R}, Ro7

Random mating with selection
for two generations

HOMOZYGOUS BACKCROSSED RESISTANT POPULATION
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4.8 CONSTRUCTION QF DM-LINES

In order to construct the DM-lines, female mites of uniform
constitution (2-6 days old) are slide-dipped using TZvc or more
concentrations of toxicant, depending on the varisbility of the
respense. For each concentration, 90-130 mites are used.

The mortality figures are corrected with the mortality of

the control according to Abbot's formula,log . E (Abbot, 1925),
where "a" is the observed mortality of the concentration and "b" the
mortality of the contral. Finney's (1952) probit analysis is used
to determine the probit regression line and the 95% confidence
limit.

Approximately, three to nine points =2re adequate for the
definition of the DM-lines. For more accurate results, the points
between mortalities of 85% and 30% are considered for fitting the
DM-lines by eye. Mortalities below 30% and above 85% can show some
degree of plateau effect which may confuse the true position of the

DM-line,

4«9 ACARICIDAL MATERIALS

The following chemicals are usdd for testing and study:

OCMMCN NAME TRiDE NAME | CHEMICAL NAME |GROUP CLASSIFIGATION

Parathion-methyl | Folidol M.50| dimethyl 4-ni-| Organophosphate

50% w/w trophenylphos-
phorothicnate

- 3-dimethylami-| Carbamate
92% w/w nomethyllenei-
minophenyl N-
methylcarbama-
te

Formetanate




COMMON NAME TRADE NAME CHEMICAL NAME | GROUP CLASSIFICATION
- Plictran tricyclohexy-
50% w/p | ltin hydroxide| Ungrouped
Dicofol Kelthene AP| 2,2,2-trichl=- Diphenyl
18.5% w/w oro-1,l1-di-(4~
chlorophenyl)
ethanol

Kelthane was 2bandoned later after some preliminsry use

because the toxicant did not give a uniform kill, Even among the

slides which had been slide-dipped in the same concentration, there

was very clear indication of variability in response. Another diff-

iculty associated with the use of Kelthane is that the distinetion

between the dead and living is difficult to ascertain as compared

with the other chemicals,
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GAPTER 5
RESULTS !

The present study involves three main areas and the results

can be conveniently presented under the following headings.

5.1 TOXICOLOGICAL STUDY

This section contains 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 origindl strains

The toxicological responses of the six selected colonies to
parathion-methyl, formetanate, tricyclohexyltin hydroxide and dicofol

were studied by using the slide-dip technique (4.3).

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:susceptible)
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 appendix 1 and the DM-line in Fig.l)
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FlG. 1. TOXICITY OF PARATHIOH-METHYL TO SEVERAL ISOLATES OF T. URTICAE
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Table 1 Summary of the Dosage-Mortality Response of the
PN, ETTR, LHES, LINES and SP Strains of T.,urticae
to parathion-methyl .

LD50 in 95% Slope| SE .x? LD50 Ratio
Strain ppm Confidence Limits b (b) R strain
S strain
FN 52.07 68 44-55.9 6.64 | 0.73| 3,02 L
ETTR 254!90 228 19—278 .8 4.69 0.49 l.Az 419

LHRS | 30,680,00 | 32,950-28,220 5.86 | 0.49| 2.60 | 589.2
LINES | 15,260.00 | 16,500-13,960 4.29 | 0.35] 5.21 | 293.1
SP 42,440.00 | 46,140-38,930 4e24 | 0.45] 2.33 | 815.1

show steep slopes, indicating that all populations except HNR are
homogeneous in response to parathion. The high slope values for these
homogeneous resistant populations (LINES, LHRS, SP and ETTR) suggest
that they are advanced in the development of resistance to parathion,
since populations in the process of resistance development usually
exhibit low-slope DM-lines.

The step-like DM-line of HNR indicates that the population is
heterogenous or scgregating for resistance. Two types of mites are
present: resistant and susceptible individuals. The faect that the
plateau is at the 75% mortality shows that the proportion of suscep-
tible to resistant mites is 3:1. Two explanations are possible: The
HNE population may be contaminated by a susceptible population; or
the HNR population has reverted.

To investigate these possibilities, and in an attempt 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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assuming a single dominant gene confers resistance then the geno-
type distribution amongst females:would be expected to approximate

a Hardy-Weinberg equilibrium:

Phenotype susceptibie resistant Alleles R r
Genotype rr RR Rr Frequency 0.13 0.87
Frequency 0.75 0,02 0,23

(It is assumed that the male haploid situation parallels that

for 2 sex-linked gene.)

The intense selection (against susceptible individusls and
possibly some heterozygotes) together with inbreeding would be ex-
pected to result in a population in which the resistant proportion
(males and females) was at least 50% and probably approached 75%.
However, the plateau for the progeny of the mother x son inbreeding
plus selection procedure remained about the same as the original
population (25 resistant individuals). Repeated attempts likewise
resulted in failure to increase this proportion significantly or to
establish a homozygous population. Later, a HNR homozygous resistant
population was obtained with difficulty and involving a system of
backcrossing to PN with selection, From these findings, it is con-
cluded that certain important vigour factors are probably present in
HNR which prevent the attaimment of homozygosis. Hence contamination
is considered unlikely to be the cause of the apparent segregation in
this population.

b) Response to formetanate (Corbamate) The results

for formetanate are presented in Table 2, Their DM-lines are given

in Fig, 2.
The results indicate high LD50 ratios of R:S but they are
not as wide as for parathion., Nor are the DM-lines as steep as those

responding to parathion, showing that response to carbamate is not as
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Table 2 Summary of the Dosage-Mortality Response of
the PN, ETTR, LHRS, LINES and SP Strains of
L.urticae to formetanate,
LD50 in 95% Slope | SE LD50 Ratio
Strain ppm Confidence Limits b x2 | Bstiain
(b) s
strzin
LINES | 21,960.00 26,230-18,850 2,06 | 0,20 0.15| 132.1
SP 7,185 .OO 9,319_5 ’Ozl-g ll52 | O|18 4.26 43 .2

homogeneous as that to parathion. The HNR population was not used

for study because of its heterogenous response to parathion.

c) Response to tricyclohexyltin hydroxide (Plictran)

The results for Plictran, an ungrouped compound, are presented in

Table 3., The DM-lines are shown in Fig. 3.

Table 3 Summary of the Dosage-Mortality Response of
the PN, ETTR, LHRS, LINES and SP strains of
L.urticae to Plictran,
LD50 in 95% Slope | SE 12 LD50 Ratio
Strain ppm Confidence Limits{ b . (b) R strain
S strain
PN 4,688 9,124-2,051 1.49 | 0.34(26.07
ETTR 8,880 55 ,800~4,365 2,06 | 0,61|66,13 1.9
LHRS 16,270 23,240-11,690 2,94 | 0.45(12.27 3.5
LINES | 31,170 34,990-27,170 4.80 | 0,53 0.69 6.6
Sp* - - - - - -

*Owing to the low number of SP female mites available at

the time of toxicologieal testing, only a small number is
used, The results (which are in Appendix) ) are thus not
statistically analysed.
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Resistance is only slightly indicated in the LD50 values;
probably the small LD50 ratios in R:S values is a reflection of the
difference in vigour factors.

d) Response to dicofol (Orcanochlorine) Since all

the parathion resistant strains exhibit the same response as PN to
Kelthane, it can be implied that resistance to Kelthane is non-
existent in the strains under study. It is important to note that in
comparison with parathion, formetanate and tricyclohexyltin hydroxide,
treatment with Kelthane did not produce uniform mortality results,
leading to difficulty 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 response of mites to Kelthane probably lies in the
specific action of Kelthane which causes mites to be morbid over a
long period, a corndition which is intermediate between dead and
living.

The differences that occurred in the resistance levels of the
six colonies to the three acaricides, parathion, formetanate and
tricyclohexyltin hydroxide indicate that each of theso is a toxico-
logically distinct strain of two-spotted spider mite, If toxicolog-
ical response is 2 criterion for delimiting strains, then there is
no strain distinction as regard to response to Kelthane, Thus delim=-
itation of strains using toxicological response as a criterion is a
matter of conyenience., Another criterion based on incompatibility

is 2 more accurate approach to strain delimitation.

5¢1.2 Toxicologigal response of the homozyzous backerossed.
resistont strains,

These strains were produced by the system of backcrossing and
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and selection given in chapter 4 (4.7). Each of the original popula=-

tions underwent four generations of backcrossing to PN and selection.

A selection intensity of 250 ppm of parathion was used, Since a

concentration of 250 ppm will kill all the F

1

offspring of ETIR x PN

cross, the backecross series starting from ETTKk was abandoned.

The results for parathion-methyl are presented in Table 4

and their DM-lines in Fig. 4.

Table 4 Summary of the Dosage-Mortality Response of
the HNR.PN, SP.PN, LHRS.PN and LINES.PN
Backcrossed Strains to parathion-methyl.
LD50 in 95% Slope | SE 'I? LD50 Ratio
Strain ppm Confidence Limits b (b) R strain
S strain
HNE.PN 6,476 3,575-9,506 2.42 | 0.38] 8.63 | 1244
SP.PN 9,055 9,610-6,923 1.47 | 0.,22| 0.04 173.9
LHRS.PN | 19,300 22,550-16,620 2,67 | 0.29] 5.81 370.7
LINES.PN | 20,210 27,390-15,590 2.95 | 0.87|16.04 | 388.1

Results indicate that resistance for parathion-methyl is

maintained. The four strains responded in the same manner (as shown

by the slopes and positions of the DM-lines) as the corresponding

original strains., The small shifts to the left, when compared to the

original populations, are probably due to loss of some vigour

factors,.

The results for formetanite are presented in Table 5 and their

their DM-lines in Fig. 5.

Results indicate that there is no change in the response

pattern when compared with the original strains, except for a small
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Table 5 Summary of the Dosage-Mortaslity Response
of the HNK.PN, SP.PN, LHRS.PN and LINES.PN
Backcrossed Strains to formetanate.
LD50 in 95% Slope | SE 12 LD50 Ratio
Strain ppm Confidence Limits b (b) R strain
S strain
HNR,PN 1,023.00 2,521-258.5 2.71 | 0,73({18.09 6.2
SP.PN 1,035.00 1,445-687.9 1.51 | 0.16{24.94 642
LHRS.,PN |13,830.00 20,640~8,054 2.13 | 0,34(10.62 83.2

shift to the left.

By comparing the toxicological responses of the five original
strains (SP, LHRS, LINES, ETTR, PN) to parathion-methyl and formeta-
nate, one deduction can be made: the resistance patterns of the five
strains to parathion and formetanate are more or less similar;that is
the resistance order for parathion is SP> LHRS X LINES >ETTR> PN, and
for formetanate, LHRS »LINES »SP> ETTE>» PN, in decreasinge order of
resistance, with SP alone appearing exceptional. By examining the
homozygous backecrossed resistant strains of LHRS, LINES and SP
(LHRS.PN, LINES.PN and SP.PN) in their response to parathion and
formetanate, the LHRS > LINFES »SP in decreasing order of resistance,
seems to be operative. This leads the author to conclude that some
vigour factors are probably involved in SP in producing small diff-
erences in response to a toxicant, Thus, it is logical to say that
the pattern of response to formetanatc and parathion-is of the order
LHES » LINES »SF » ET¥R » PN, which means that the responst patterns-of
the various cocloniés to parathien and-formetanate are similar. Thus
cross~-resistance of patathion and formetanate is implied. -

The adoption of a repeated backeross procedure to differen-




tiate whether cross resistance or multi-resistance is operating is
based on the assumption that the factors causing multi-resistance
are separate distinct entities. If the sitwation is such that the
phenomenon of multi-resistance is due to clesely-linked genes, rep-
eated backerossing will not be able to separate the resistances and
multi-resistance can be mistaken for crers resistance,

For multi-resistance to be operating in the situation unde
study, several conditions have to be assumed. First, formetanate must
have been used before in all the areas from where the colonies were
collected and; at the moment of collection, formetanate resistance
had already developed; second, formetanate resistance would have had
to develop proportionately to the degree of parathion resistance; and
third, if the degree of formetanate resistance development is depend-
ent on selection pressure, the number of generations per year, mite
number, etc., these factors must be operating in the right combina-
tions to give a formetanate resistance pattern of LHRS » LINES »SP)»
ITTR, an occurrence which is very unli'tly.

The results of the response of LHES.PN, LINES.PN,SF.Pil and
HNR.PN to tricyclohexyltin hydroxide (Plictran) a=se presented in
Table 6. The DM-lines are shown in fig. 6.

Table 6 Summary of the Dosage-Mortality Response of

the HNR.PN, SP.PN, LHRS.PN and LINES.PN
Backerossed S*trains to Plictran,

LD50 in 95% Slope | SE .12 LD50 Ratio
Strain ppm Uonfidence Limits b (b) R strain
S strain
HNR.PN 2,915 3,493-2,306 2,90 | 0.34 |1.75 0.6
SP.EN 5,988 6,861-5,1%9 3.23 | 0.37 |2.57 1.3
LHRS.PN l~-line shows high helorogencityl
LINES.PN | 7,256 8, 260-6,197 3.42 | 0.45 |0.17 1.6
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Hesults indicate that resistance to Plictran is not detecta-
ble* The fact that a small degree of tolerance or resistance is
implicated in the original populations and not in the homozygous
backerossed resistant populations, serve to indicate that the smell
resistance exhibited by the original populations is due to some

vigour factors which had been removed by repeated backerossing.

5.1.3 Toxicological response of the homozygous backerossed strain
of HNR

It can be recalled that an attempt to obtain a homozygous
resistant population from HNR had ended in failure (5.l1.l.a). How-
ever, when HNKE was repeatedly backecrossed to PN, a homozygous back-
crossed resistant strain of HNR was obtained without the cccurrence
of reversion. The fact that a stable population can be cbtained by
crossing HNK 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 original
HNR population and the HNK inbred populations are less vigourous
than the HNR.PN (i.e. longer development period, higher adult mort-
ality and lower number of eggs produced). Possibly the factor for
parathion resistance in HNR is deleterious in the absence of the
'vital 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 homozygous resistant indi-

viduals is less than 2%.

5.2 INHERITANCE (F RESISTANCE

Of the four acaricides (parathion, formetanate, tricyclo— .
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hexyltin hydroxide, and dicofol) used in the present study, parathion
appears to be the most appropriate toxicant for the genetical studies
of resistance (as indicated by the homogeneity and steep slopes of

the DM-lines).

5.2l Reeiproecal crosses between resistant and normal strains

The object of reciprocal crosses between individuals of the
R and S strains is to determine the degree of dominance of the
genetic factor or factors for resistance, to ascertain whether both
sexes can transmit the resistance character, and to observe any
cytoplasmic influences.

The reciprocal crosses were carried as described before (4.6).
For the reciprocal crosses, three parathion resistant populations
were selected for study (SP, LINES and LHRS). Owing to the low number
of mites available in the F; generation (as a result of interpopula-
tional infertility), only two replicates of each concentrotion were
used for toxicological determination.

The results of the reciprocal crosses of LINES, LHRS and SP
are presented in Tables 7, 8 and 9 and their DM-lines in Figs. 7, 8
and 9 respectively.

Table 7 Summary of the Dosage-Mortality Response of

the F, Progeny From the keciprocal Crosses
of 1,7Ng3 and PN to parathion,

LD50 in 95% Slope | SE f LD50 Ratio
Cross ppm Confidence Limits b (b) R _strain
S strain
Fyfsfrom 11, 160 14,360-10,920 | 4.67 |0.65 239.3
LINES9xPNE| R : 52 o0 :
Fyfsfron 3,967 729-3,226 2.51 |0.27 |0.07 6.2
LINES BxPN$ 2 49123-35 #2 ’ * s
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Table 8 Summary of the Dosage-Mortality Response of
the F. Progeny From the Heciprocal Crosses
of LHES and PN to parathion.
LD50 in 95% Slope | SE X LD50 Ratio
Cross ppm Confidence Limits b (b) R strain
S strain
F. Qsfrom
Lﬂmsgxpmn 15,120 31,440-7 ,069 .03 10.49144.59] 290.4
F1Qsfrom | oying to the high value of 'g'!, the data arc not statist-
Lﬁ%é&kPN?- ically analysedg £

Table 9 Summary of the Dosage-Mortality Hesponse of
the F, Progeny From the Reciprocal Crosses
of SFand PN to parathion,
LD50 in 95% Slope | SE .&2 LD50 Ratio
Cross ppm Confidence Limits b (b) R strain
S strain
F.%sfrom 5
SPOpNaA | 79457 11,980-2,440 2.76 | 0.66[18.01 | 143.2
Figs from| 3 557 6,700-203, 2.33 |0.58| 9.43 | 62.5
SPOXPNQ. > :

The data show that the progeny of all reciprocal crosses are

semi~-dominant or dominant. The character can be transmitted equally

well by hoth sexes. A slight influence of the cytoplasm is apparent

but the degree is not great. The difference may be due to cytoplasmic

vigour tolerance factors or to mclear-cytoplasmic interactions.

Anyway, the DM-lines of the reciprocal crosses seem to indicate that

resistant heterozygotes containing cytoplasm from the resistant

strains have a higher resistance than the resistant heterozygotes with




cytoplasm from the PN strain, This is probably due to predeterminatione
A certain degree of incompatibility is observed in the

reciprocal crosses. This effect will be the next field of study

(5.3)

5.2.2 Backcrosses between the resistant F1 and normal

This is to determine whether the backcross progeny would
segregate into ratios suggestive of Mendelian inheritance of resis=-
tance. The reciprocal backcross between the resistant F1 and normal
is outlinec in chapter 4 (4.6). The backcross female progeny (Bl)
were subjected to a full DM-test in each case. For a test, about
12-1/4 concentrations were used. Owing to the high percentage of dead
eggs, 1-2 replicates were used for each concentration.

The results for the backcrosses are presented in ippendix 1
and their DM-lines are in Figs, 10, 11 and 12,

The backcross progeny have segregated into two classes,
resistant and susceptible, signifying 2 population which is mixed
or heterogeneous,

The clear cut 1:1 segregation of R and S phenotypes in the
backeross F2 generation implies that resistance may be attributable
to a single Mendelian factor,

However, it is still possible that other modifying genes
may play a considerable rolec in the expression of the resistance
character. It is also possible that a polygenic system is "mimicing"

simple Mendelianism.

542.3 Repeated backcrosses with selection

The partition ratio of the first backcross is suggestive of
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a single major gene controlling resistance. To confirm this conc-
lusion and to eliminate the likelihood of a polygenic system behav-
ing in a similar manner as a monogenic system, repeated backerossing
of resistant strains to PN with selection at each gencration was
undertaken, The procedure is the same as ouélined for the backeross
scheme in the first part of the experiment (4.7). The results are
presented in Table 4 and their DM-lines in Fig. 4.

The homozygous backcrossed resistant populations (LINES.PH,
LHRS .PN and SP.PN) did not show any significant decrease in resist-
ance (less than 50%). Thercfore, it suggests that monogenic control

of resistance holds in the three strains of two-spotted spider mites .

5.3 INCOMPATIBILITY

When different isolates of two-spotted spider mites from
either widely separate or adjacent geographical regions are crossed,
it is often observed that various degrees of infertilities (as
expressed by the percentages of dead eggs) occur. To determine the
degree of incompatibility (degree of infertility, egg mortality, or
sterilfty percentage) among the six mite coloniés and the nature -
of the incompatibility factor or factors, thé folloyins study was

undertaken.

5.3.1 Intrapopulational crosses

Crosses were made between individusls within each of the six
strains according to the scheme described before (4.6). The egg

mortality was determined for the F., Fz(haploid and diploid) and

1
Fz(haploid) generations. The results are presented in Table 10,

The results indicate that crosses with mites from the same



Table

10

Intrapopulational and Interpopulational Crosses of Six Strains of T.urticae, 85

% of Unviable Eggs of Mass Crosses
Between Different Populations

‘o of Unviable Eggs Producea By
Hybrids From Mass Crosses Between

Dif'f'erent Populations

7o of Unviable Eggs Producea by Tel-
iochrysalids From #Mass Crosses Bet-
ween Dif'ferent Populations

B, Fz(haploid anu diploid) F?(haplcid)
.$$ 8| PN |HVR |LHRS | SP |ETTR | LINuS| PN |[HNR |[LARS | SP |ETTR | LINES| PN |HNR |LHRS | SP |EITR | LINES
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)] = - B - - -
1.9 | 2.5 | 2.3 |12.0 | 6.3 4ol 110.5 | 4ol [62.5 | 654 14,7 | 55.8 |39.4 | 224 | 77.2 | 5547 | blek | 59.8
HNR (1.6)] (4.0)| (2.5) (0. 7X(3.2) | G.7)|(5.0)| (6.9)| (2.9 - (1.6) | .7?)| - | -] - - | :
8.4 | 7.4 [10.8 [53.7 [L0.0 15.5 |51.1 [40.2 [26.1 | 94.3 |69.5 71.9 {73.6 | 63.9] 19.2 - | 79.5 | 40.6
LHRS (0.8)] (1.9)] (2.1) (1.41(3.7) (L) (6.7 (meB) | (1ot)] (2.0)(1.5) | (Le6)] = - - - - -
2.6 [42.7 [43.7 4.1J16.6 33,7 1556 | 70k (U7 | 7.2 W7k 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)}(43) | (11) | - - - - o =
— 17.5 |45.9 [34.1 [32.8 IL.4 | 25.9 [13.7 [18.9 (7547 |52.3| 6.5 | 46.3 [47.9 | 9ok | 94.6 [ 91.6| 19.53 | 62.8
o (2.5)](0.3)] (0.2)|(0.6)(2.9) | (0.6)|(4%.1)](4.0)|(11) [1.5) |(2.6) | (4.5)| -~ - - - - -
| 5.0 |17.4 | 21.7 |35.9] 7.1 be7 (4745 [ 24e6 |23.0 | 61o4 [50.5 21,1 |82.6 | 71.7| - |78.2| 83.8 | 17.4
LINES | (0.9)[(C.6)}(1.6)|(1.21)(0.9) | (1.6)f(7.9)} (5.2)}(46)| (2.3)(2.6) | (2.3)| - - - - - -

Note: Values within brackets refer to sex ratios,
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population do not produce any significant egg mort2lity in the Fl
and F, generations, yiz. from 2.56 = 11.4% in the F, gencration;
L% - 26,1% in the Fz(haploid and diploid) generation; and 5,1% -
22..% in the Fz(haploid) generation . By comparing the egg mortal-
ities of the intrapopulational crosses in the F, and Fz(haploid and
diploid) generations, which are biologically the same, it can be
deduced that egg mortazlity does fluctuate considerably. Low haploid
egg mortalities in the F,(h ploia) ,cnerution suggest thut meiotic
divisions are occurring normally.

Since HNR is toxicologically a heterogeneous population
(thought to contain deleterious factors), it may be expected that
the intrapopulation cross will produce a high F; and Fz(haploid)
egg mortality. However, this did not occur, indicating that HNR
individuals, although consisting of resistant and susceptible geno-
types (with reference to parathion), are chromosomally compatible
with each other, Thus, it can be said that chromosomally HNR is one
strain but toxicologically it exhibits polymorphism. This also serves
to indicate that probably the resistance 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 resistance 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 leads to incompatibility (Schulten, 1968),

indicating that other factors are =2lso involved,

5.3.2 Interpopulational Crosses

The six colonies of T.urticae were crossed reciprocally acc-
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ording to the procedure outlined in chapter 4 (4.6). The egg morta-
lities and sex-ratios for the interpopulational crosses are presented
in Table 10,

5.3.2.1 Infertility of F, generation Generally, the

Fl interpopulational crosses show higher infertility than the Fl
intrapopulational crosses. This can be attributed to the higher
degree of different gene combinations (heterozygosity) in one genome
indicating that the six mite colonies are partially distinctive
genetic races or strains,

The interpopulational crosses of LHRS and LINES (which are
collected from Levin) exhibit higher sterility values than the
intrapopulational crosses; and this indicates that mite colonies
within even a limited area of distribution can undergo microevolution

which results in the formation of reproductive incompatibility.

5+3.242 Reciprocal crosses In some reciprocal crosses,
the degree of intersterility depends on the direction of the cross.,
In two instances, the reciprocal difference in sterility is very

marked, They are:

1 . PN$ X SP&IO s 0001000022'8% (Sterility percentagc)
PNG" X SP eeevvsrereess 2,68 (sterility percentage)

2, PN x LHRSQTeeecceseessd9.208( " W
FEO? x LHRSE eciveenecss BadOB( ¥ g
The reciprocal differences cannot be accounted 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 factor(s) or nucleo-cytoplasmic interactions.
In many other instances, there are indications of reciprocal

differences in sterility percentage but whether the values are a
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reflection of cytoplasmic factor(s) or nucleocytoplasmic interactions
is doubtful, as such deviations come within the range of intrapop-

ulational fluctuations.

5.3.2.3 Sex-ratio of F, In many crosses, the sex-

ratios (females:males) in the Fl generations are smaller than either
of the two parent strains. If sex-ratios are inherited, then they
should approximate those of the parents rather than becoming lower
(Mitchel, 1972). Since there is some degree of egg mortality, the
lowered sex-ratio can be traced to the death of diploid eggs. It has
been shown that there is a clear mating preference of I.urticae
females for males of their own strain, regardless of whether males
of other strains are immediately available (Smith et al., 1969;
Diecleman and Overmeer, 1973; Helle and Overmeer, 1973) but whether

this phenomenon contributes to a decrease in sex-ratio is doubtful.

5634244 EQ(Haploid and Diploid; Haploid) Generations
Diagrammatically, the scheme for Fz(haploid and diploid) and Fz(hap-

loid) generations is represented as follows:
(a]
XXt x Mo

X' x Mg 3 X" Mo F,(haploid)

F,(haploid and Xd Md' XxXF XMQ
diploid)
In general, the data indicate that there is an increase in

the F2 sex-ratio compared with that in the F,. At the same time,

l.
the egg mortality is much higher in the Fz(haploid and diploid)
\

than in the Fl' Several conclusions arc possible:

1., The haploid eggs are affected more than the diploid eggs
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as shown by the high sterility percentage in the Fz(haploid) genera-
tion. This strongly suggests that chromosomal rearrangements (trans-
locations, inversions, etc.) causing abnormal pairing relationships
at meiosis may be responsible.

2. Strain discrimination in mating behaviour may have broken
down giving rise to more diploid eggs.

3, Nucleocytoplasmic interactions are probably involved. This
is substantiated by the observable differences in sterility percen=-
tages in the F2(haploid and diploid) generations of the interpopula-
tional reciprocal crosses. It is quite conceivable that the orienta-
tion of bivalents during meiosis in the strain hybrid female is
dependent on maternally inherited intrinsic properties (Helle and
Overmeer, 1973).

There are cases where the F2 sex-ratio decreased when comp-
ared to the sex-ratio of F,. In these cases, the change is probably

1

a result of normal fluctuation in sex-ratios (5.3.3).

5.3.3 Kepeated backcrossing with selection

It has been observed that a resistant population obtained
from intensive selection of a susceptible population to Tedion can
develop an incompatibility with the susceptible population from which
the resistant population is derived (Overmeer, 1965a; 1965b) .
Overmeer showed that the resistance factor and incompatibility
factor are not correlated. To show whether the same phenomenon is
operating in the New Zealand strains, repeated backcrossing to PN,
with selection at each backcross, was carried out. Schematically, the
the procedure was similar to the backcrossing procedure used in the

determination of a major factor in resistance. The sex-ratios and
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and sterility percentages were determined at each backeross.

The results of sterility percentage and sex-ratio are
presented in Appendix2 and graphically they are shown in Figs.13
and 14.

Results show that with increasing number of backcrosses, the
sterility percentage appears to decrease while the resistance factor
is maintained, indicating that the incompatibility factor is not
associated with the resistance factor., If the development of an
incompatibility barrier due to selection pressure (Overmeer, 1965a)
is not associated with the selection for the resistance factor, it
is possible to deduce that any acaricide selection pressure will
select not only the resistant character but also other characters
which will enable the resistant individuals to adapt to the new
environment, With inbreeding the resistant individuals with new
genotypes can give rise to a new strain. This would probably explain
why Overmeer's Tedion resistant strain was incompatible with his
susceptible strain. This process has occurred to different extents in
the present strains as revealed by the incompatibility data. Since
the strains are ccllected from the fields, selection pressures other
than acaricide selection (temperature, light, geographical factors
and ete.) are very likely to be involved in the microevolutionary
process leading to the development of new strains and consequently
of incompatibility barriers.

The increase in fertility in each backeross is an indica-
tion that incompatibility is governed by many factors as might be
expected.,

As the sterility percentage increases, the sex-ratios of

some backerosses (LHRS.PN, PN.LHRS, PN.LINES and PN.SP) increase,
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FIG. 13.
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suggesting that proportionately haploid eggs are affected more than
the diploid eggs. In contrast, there are some backcrosses (LINES.PN
and SF,PN) whose sex-ratios decrease with increase in sterility
percentage. The decrease in the sex-ratio with increase in sterility
percentage in the backcrosses of LINES.PN and SP.PN is probably the
product of normal fluctuation in the sex-ratios. This is substant-
iated by the low sex-ratio values in the Fl generation of similar
crosses in Table 10,

Lethality in backecross eggs is probably due to the formation
of unbalanced gametes. If the unbalanced gametes are not fertilized
(or fertilised) the resulting 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 Bz, the sex-ratios approach somewhere between 1.3 and 2.6,
values which arec approximately the average of the two parents. Al-
though the sex-ratio approximates that of the original parents, the
sterility percentage is still not that of the original parents,
suggesting that the mortalities in huploid and diploid eggs are
occurring at almost the same ratio as that of the original parental
eggs.

Of all the backerosses, only the SP.PN and PN.SP have reached
a sterility percentage of approximately 30% by B4. The other back-
crosses have sterility percentages between *8% - 69%; values which
are nowhere near the sterility percentage of the parental strains.

The data appear to show that the sterility percentage approaches a

constant value at B3 and B, and it is likely that further backecross-

4
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 Intrapopulational and interpopulationsl crosses of homozygous
backerosscd resigtant strains

If the resistance factor is not directly associated with the
incompatibility factors, then it also means that the homozygous
backerossed resistant strains, if crossed interpopulationslly, will
not produce an abnormal degree of egz mortality in the Fl and Fz.
This is based on the assumption that by repeated backerossing, the
resulting offspring will possess a PN genome with the exception of
the resistance factor. To show whether the principle is operating in
the various homozygous backerossed resistant strains, selectcd
crosses (i.e. corresponding crosses which showed high egg mortalities
in the F2 haploid generation in Table lO) were undertaken. For the
sake of comparison, the intrapopulational crosses were also included,

The results of the intrapopulational and interpopulational
crosses are presented in Tables 11 and 12,

The results show that in the intrapopulational crosscs, there
are various degrees of infertilities which can be considercd as
normal. However, in the interpopulational crosses, the high morta-
lity in the F2 haploid eggs show what there is, as before, failure
of pairing at meiosis. The reasons 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 backerossed resistant
strains (LHRS.PN, PN.LHRS, PN.SP, LINFS.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 Fl and F2 generations of the int-



95

Table 11 Intrapopulational and Interpopulaticnal Crosses of Selected Homozygous
Backecrossed Resistant Strains of T.urticze,

% of Unviable Eggs of Mass Crosses /o of Unviable Eggs Produced By Telio-
Between Diff'erent Populations of Homo- chrys<lids From Mass Crosses Between
zygous Backcrossea Resistant Strains Different Populations of Homozygous
Backecrossed Strains
Py F2(haploia)
dd - - ;
PN HNR.PN | LFRS.PN| SP.PN | LINES.PN| PN | HNR,PN | LHRS.PN | SP.PN|LINES.PN
72
- 8-6 6.6 . - — 3-6 bll--J- — -_
SN - |G| @3] - - - - - - -
18.6 - 11.8 12.9 - 51,6 - 1.1 72.6 -
U law | - | Gw @] - . . . - .
4Le2 | 49.8 | 36.1 4.2 | 26,1 45 9.1 | bbb 46 | 62,7
SP. PN (2.7) | (0.6) | (0.9) | (3.4) | (1.4) - - - - -
o 2-8 1-9 1 305 2-9 55-2 ‘)4-9 - 80-9 202
LINES. PN | (1.5) | (1.1) - (0.9) | (3.8) - - - - -

Note: Values within brackets refer to sex ratios
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Table 12 Intrapopulational and Interpopulational Crosses of Selected Homozygous
Backcrossed Resistant Strains of T,urticze,
% of Unviable Eggs of Mass Crosses ‘%0 of Unvisble Eggs Producea by Telio-
Between Different Populations of Homo- |chrysalids From Mass Crosses Between
zygous Backcrossed Resistant Strains Different Populations of Homozygous
Backcrossea Strwuins
Fy Fz(haploid)

&

] !
PN PN ENR | PN,LHRS| PN.SP | PN.LIN=S PN ri. ANR | PN. LHRS | PN, SF | PN, LINAS

- ; - - - . 0. = o
PN, HNR 747 5.2 B | ST
- (3.1)| (0.6) | = | = - = - - -
. 13.0 = 8.9 | 22.3 = 64.9 = = 80.9 =
Ne 2
B (1.8) = (2.3) | (3.7) - - - - - -
i &S 21.8 | 29.9 | 18.0 2.8 | 19.2 | 47.9| 52.0 | 77.4 |10.7 | 78.5
‘ (0.9) | (0.6)] (0.2) | (1.9)| (0.9) - - - - -
lO- 9 709 e lO. 2 2-LI- 57-0 5905 o ?8!8 22.8
ENLINES | (2.3) | (2.2) = (2.4) | (4.0) - - 2 : -

Note: Values within brackets refer to sex ratios.
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erpopulational cross with PN, The incomplete substitution is also
indicated in the graphs of Fig. 13 which shows that, with the excep-
tion of SP.PN, the other backcrosses show a constant sterility per-
centage of 30% - 70% after the B3 backeross, probably slgnifying
that substitution cannot proceed any further,

2. New gene combinations New gene combinations

which occurred in meiosis in the hybrids and were retained during
the backecrossing can possibly contribute to the high Fz egg mortal-
ities of the interpopulational crosses., The low F2 egg mortalities
in the intrapopulational crosses appear to substantiate this; the
new gene combinants seem to be self-compatible. In other words, new
genetic strains have been formed in each homozygous backerossed
resistant population and substitution for normal alleles is not
complete, If it was complete, probably the incompatibility would
disappear since it is assumed that 211 the homozygous backerossed
registant strains would then have the same PN genome.

If the backecrossing 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 biologicel
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 biclogical control,
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CHAPTER 6

DISCUSSION

6.1 TOXICOLOGICAL REACTIONS

The various DM-lines are very obvious indications that high
levels of parathion-methyl resistance have been developed in many
commercial fruit growing areas of New Zezland. Since the mite pop-
ulations are collected from several areas stretching from Hawkes
Bay to Central Otago, the resistance pattern also indicates that the
resistance to parathion-mcthyl in the two-spotted spider mite,
T.urticae, is widespread in the country. Considering the fact that
mites resistant to one organophosphate chemical are also likely to
be resistant 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 control. With respect to a
susceptible population, such as PN, parathion-methyl remains a com-
paratively effective acaricide, Since this latter population is a
suburban garden population however, it would be fair to conclude
that the days of effective control by organophosphates in commercial
areas are numbered.

The fact that all the DM-lines, with the exception of HNR,
show comparatively steep slopes, demonstrate that the various pop-
ulations are very homogeneous in response to parathion-methyl. Such
homogeneity, which can only be reached after considerable selection,
no doubt reflects the fact that parathion-methyl has been in

commercial use longer than any of the other acaricides. The following
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data (Pesticide Manual, 1971) provide some idea of the time of

introduction of the chemiecals that are used for the present study.

CHEMI CAL YEAR INTRODUCED*
1. parathion-methyl (Folidol) 1949
2. dicofol (Kelthane) 1955
3. formetanate 1967
4. tricyclohexyltin hydroxide
(Plictran) 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 formetanate are not as steep as those of
parathion-methyl. The populations, therefore, do not react as
homogeneously as to parathion-methyl.

Considering that formetanate is a recent chemical, the
resistance situation may not be one due to formetanate selection.
Since the changes in the patterns of resistance to formetanate
between the various original strains and those of the hamozygous
backcrossed resistant strains are very similar to those obtained for
parathion-methyl, it is possible to deduce that resistance to the
two groups of chemicals is a phenomenon of cross-resistance and not
multi-resistance. Cross-resistance between organophosphates and
carbamates had also been reported by Hansen et al. (1963). Since
cross-resistance between organovhosphate 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 carbametes are involved,

Formetanate was initially selected for the present study
because of reports (2.8) that organophosphate resistance in some

strains provide cross-resistance to formetanate but in other strains
LIBRARY
MASSEY UNIVERSITY,
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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 enzyme, such that
some lisozymic variants provide resistance both to organophosphate
and carbamate, 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-
phosphate resistance, one or more might exhibit negative correlation
with formetanate. The possibilities for improved control through
alternate use of organophosphate and formetanate 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 organocphosphate and formetanate in any of
the strains used.

The 1low R:S LD50 ratios of the original and the homozygous
backecrossed resistant strains with respect to Flictran and Kelthane
are probably strong indications that for orgsnophosphate 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 A2 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) but
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positive evidence is lacking. Up to date, several cases of Kelthane
resistance had been reported elsewhere (Zil'bermints gt al., 1968;
1969; Helle, 1965a), so probably it will just be a matter of time
before Kelthane resistance may appear in New Zealand,

With Kelthane, there is a high number of mites which show a
moribund condition, which makes the distinction between dead and
living difficult, even after pricking of the mites with a sharp
needle (Thiele and Harrison, 1969). The difficulty in distinguishing
between living and dead can be attributed to the type of chemical,
method of testing, type of solvent and variation in the intrapopu-
lational response. Moreover, Kelthane, when dissolved in water,
leaves a heavy deposit which may affect the uniformity of the
results, In spite of the many limiting factors 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 resistant population from a susceptible one.

In discussing the toxicity of acaricides, it would be in-
correct to assume that one acaricide is better than another for mite
control through deductions of the results derived from the slide-dip
technique. To confirm the value of each acaricide, a field trial
would have to be performed.

Furthermore, the slide-dip method does not allow the commer-
cial potential of the material to be assessed on all stages of mites
by systemic, contact and residual actions. The differential effect
of acaricides on different mite stages may influence the total
effectiveness of a toxicant in 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.develop final testing under
field conditions. Thig would save a tremendous amount of 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 is found between the
effectiveness of a chemical as indicated by a practical laboratory
testing method and its performanace in the field, the efficacy of an
acaricide cannot be adduced purely on responses baged on DM-lines
derived from any particular laboratory testing method.

In spite of the many disadvantages of the slidc-dip technique
being used for screening acericides, it has, at the same time,

a number of advantages. These include 1) comparatively less work is
involved than with, for instance, topical application methods;

2) standardisation of treatment and post-treatment are not too
difficult; 3) no plant materials are involved; 4)the method is also
applicable outside the laboratory. For the study of resistance, the
slide-dip technique is sufficiently accurate.

.ttempts to obtain DM-lines by using the leaf-dip method was
unsuccessful. The reason was due to lack of uniformity in the results,
caused by a combination of several factors, such as 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 variable results it produces, the leaf-dip
still serves its purpose of acting as a selection technique, A
discriminatory 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 INCOMPATIBILITY

Toxicological tests on the progeny of crosses involving three
strains highly resistant to parathion-methyl (LHRS, LINES and SP)
and PN revealed certain aspects of the resistances of the strains
concerned, Reciprocal crosses betwsen resistant individuals (LHKS,
LINES and SP) and PN (normal) individuals produce resistant progeny,
indicating 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 distinet 1:1 ratio of resistant:normal individuals suggests
that a single Mendelian gene is the major factor in resistance.
Through & process of backcrossing of resistant strains to a suscep=-
tible strain, with mild selection of parathion-methyl at each back-
cross, the resistance factor is not broken down, confirming that
resistance is monogenic., A4 small shift to the left of the DM-lines
of the homozygous backcrossed resistant strains suggests that some
minor genes may be involved in resistance, Their effects are small
and are 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 T.telarius; Andres and Prout (1960) for parathion resistance
in T, cificus; Helle (1962) for parathion resistance in i.urticae;
Overmeer (1967) for tedion resistance to T.urticae; Ballantyne and
Harrison (1967) for parathion resistance to I.urticae; Schulten
(1968) for azinphosmethyl, demeton-S-methyl, parathion and diazinon
resistance to I.urticae; Herne and Brown (1969) for parathion

resistance to T.urticae; Overmeer and Harrison (1969a) for demeton-
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S-methyl resistance to three independent strains of I.urticae;
Overmeer and Harrison (1969b) for tetradifon resistance to T.urticae;
all of whom conclude that the resistance is duc to a major gene,

On the other hand, thc results are in contrast to those of
Dittrich (1963a; 1963b) and Zil'bermints et al. (19685 1969).
Dittrich concluded that resistance to TEPF and systox was multigenic
and characterized by dominzant semi-lethal factors and a major recess-
ive Mendelian factor. Jriticism of the results of Dittrich has been
put forward by Helle (1965a), Ballantyne (1966) and Schulten (1968).
Zil'bermints et al. found that their Kelthane reistant strain is due
to a recessive gene,

Failure to develop a stable resistant population from the
HNR strain by mother x son inbreeding after selection suggests that
some factors are present (or .absent) in the original HNE population.
Thc presence of .semi-lethals or abscnce of sub-vit-ls in the HiR are
probably the causes for the reversion of the inbred populations to
a situation when the susceptible to resistant individuals reaches
an approximate ratio of 3:1. Longer development period, higher adult
mortality and lower egg numbers in the original HNK population scems
to substantiate that vital factors are involved. The homozygous
backerossed resistant strain of HNR (HNR.PN) do not appear to exhibit
the phenomenon of reversion and the reason is probably due to the
introduction of vital factors from PN.

The results on incompstability threw light on several biol=-
ogical aspects of the two-spotted spider mite in New Zealand. The
degrees of sterility 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-
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populational crosses are apparently caused by the bringing together
of two different chromosome complements in a common cytoplasm. The
chromosomal basis of storility is to be inferred mosi clearly from

the high F_ haploid inviabilities. Being essentially the gametes of

2
their hybrid mothers, the cause of this inviability must be gene
deficiencies and duplications generated during méicsis. Such defi-
ciencies and duplications (unbalanced gametes) themselves result
from abortive pairing and non-disjunction between homologous chrom=-
osomes heterozygous for chromosome rearrangements. It can be conc-
luded that chromosomal polymorphism is a constant and regular factor
in gpider mite evolution.

The fact that interpopulational crosses 2lso lead to & reduc-
tion in the sex-ratio (females:males) of the F, compared to the sex-
ratio of either of the parents, indicatcs that diploid eggs are also
affected, and suggests that heterozygosity itself (two different
genc complements in one genome) may be lethal at some stage of
development. This is more difficult to understand, howcver, since

all F. hybrids are genetically uniform, and the best explanation

X
seems to be that the cytoplasm is intimately involved. The important
role of the cytoplasm ig determining degree of resistance, or pig-
mentation (Ballantyne, 1969) has been demonstrated. It secems that
substances, perhaps RNA, is carried over in the egg and can have a
pronounced effect on development. In the present study of incompat-
ibility, the significant differences in the F1 sterility percentages
between reciprocal crosses clearly points to the involvement of
cytoplasmic factors, or nucleocytoplasmic interactions, in the ex-

pression of infertility. Such nucleo-cytoplasmic interactions can

also apparently extend their effect to the next generation, as
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indicated by the measurable differcnces in sterility in the F2 (hap-
loid and diploid; haploid) generations of the interpopulational
reciprocal crosses.

In analysing the actual sterilities, it could be shown that
the incompatibility factor(s) (e.g. rearrangement) are not associzted
with the resistance factor. By backerossing the resistant strzins
to a common susceptible strain (Fi), with mild selection by parathion-
methyl at each backeross, the degree of incompatibility is found to
decrease, The slow decresse in sterility percentage with each back-
cross indicates that incompatihility between twe strains is not due
to one major factor, but several or many (polygenic). Since resiste
ince is not associated with the incompatibility factor(s), it implies
that the same selection pressure (i.e. acaricide) can simultaneously
seleet resistant and chromosomally different individuals., Similar to
the above have been found by Overmeer (1965a; 1965b).

As hybrid genetic material is replaced by PN in the back-
crosses, there is generally an increase in the sex ratio and a
decrease in sterility percentage. There are some backerosses, however,
(LHRS.PN, PN.LHKS, PN.SP, LINES.PN and PN.LINES), however, which
still maintain a significantly high egg mortality (40-70%) at the
B3 and B4 generations. The return to normal sex-ratio without a
decrease in egg mortality in these cases suggest that the haploid
and diploid eggs are affected in the same propertions as the paren-
tal populations. In contrast to these backeross seriecs, the SP.PN
backeross (showing normal sex-ratio), exhibits declining egg steril-

ity. Even at the B, generation, the egg sterility is still deelining

A
and it is predictable that the egg mortality will reach the figure of

the parental populations.



107

The contrasting results in egg mortality with regard to the
SP.PN backcross and the other backeross scries (LHRS.PN, PN,LHES,
LINES.PN, PN,LINES and PN.SP) may provide some useful information as
to the biological control of two-spotted spider mites, The hiclogieal
control of a strain such as SP by the introduction incompatible genes
from a different strain (c.g. PN) may not be a worthwhile proposit-
ion for two reasons: First, the SP strain may in the long run,
become compatible with the recurrent parent, Second, since there
is no complete egg mortality in the F, (nor in the Bys By o a6t06) o
the new strain hybrids or backeross hybrids may form new gene comb-
inztions, Such combinations could remain hidden in balanced chromos-
omel rearrangements (2.10), onabling these strains to achieve great-
er resistance levels snd adaptability to other chemicsls and environ-
ments. Greater mutability due to hybridisation has also been suggested
(Helle and Overmeer, 1973). |
In contrast, biological control based on the same principle ‘
may be attractive for LHKS and LINES, The constant egg mortality in
the backeross generations may imply that the introduc tion of normal
alleles (PN males) after an acaricide spray (assuming zero residual
effect of toxicant) would theoretically reduce the mite number
through biological control. This system of integrated control may be
attractive in the glasshouse, where usuelly only one type of strain
is present, but not feasible in the fields where several or many
strains may be present,
The egg mortalitics of Overmeer's backcrosses (1967) showed
some degree of contrast to the results obtained from the backerosses
of LiRS.PN, PN.LHRS, PN.SP, LINES.PN and PN.LINES, In his backeross

series starting with (S x T)-hybrids, the mortalities of the untreated
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eggs decreased after the B3 backcross and remained constant in the
subsequent backcrosses (aversging 5%). In the backcross series start-
ing with the (T x S)-hybrids, the proportion of non-viable eggs
maintained themselves at a level of about 18%. In the backcross
series of the present experiments (LHKS.PN, PN.LHRS, PN.SP, LINES.PN,
and PN.LINES), the egg mortalities decreased up to the 83 backeross,
and remained constant at a level of 30%-70%, depending on the back-
cross series., The SP.PN backeross, an exception, exhibits a low

egg mortality at the B4 generation, It is also expected that with
increasing number of backcrosses of SP to PN, thc egg mortality will
reach a constant low valuec,

The ability of the homozygous backerossed resistant popula-
tions (LHRS.PN, PN.LHKS, LINES.PN, PN.LINES, SP.PN and PN.SP) to
multiply randomly without any significant egg mortality indicates
that they have recovered @ genic balance or hermeny which was lack-

ing in the F. of the backecross series. The question arises, there-~

i
fore, as to whether this balanced combination of genes corresponds

to the balance which existed initially in PN or whether it represents
a new balance. Crosses between the homozygous backecrossed resistant
populations and PN males showed high egg mortalities in the haploid
F,, except for the SP.PN x PN, Thus the homozygous backcrossed resis-
tant populations could be considered as the initial stocks of new
strains.

The homozygous backcrossed resistant population of SP.PN,

when crossed to PN, produces normal F. and F, egg mortalities. This

1
is probably due to the complete substitution of normal alleles and
chromosomes in the backcrossing procedure. With the other back -

crosses, there is still indications of high egg mortalities in the
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Fl and F2

rearrangements is still incomplete. For the latter backerosses, the

eggs, suggesting that substitution of normel alleles and

high constant level of egg sterility at and after the B3 generation
may imply that further substitution cannot proceed; otherwise the
graph would show a declining sterility percentage curve,

The ability to adapt to acaricide pressure, and the rapid
divergence of one population into sevcral strains which bear diff- |
erent degrees of reproductive infertility with one another, signify
that the two-spotted spider mite is very polymorphic. As has been
shown in insects (e.g. Drosophila), the more polymorphic the species,
the larger their geographical distribution. They would generally
be capable of adapting to the varying kinds of environments within
any distribution area. Species of chromosomal uniformity have limited
genetic versatility and tend towards evolutionary stability. The
chromosomally polymorphic¢ species on the other hand, have several
levels of balance between genetic stability and versatility. Within
any particular area, relative uniformity can be sustained, particul-
arly in the abseunce of strong selectivc forecesj but in the presence
of such forces, or under changed ¢nvirommental conditions, the
capacity to create new adaptive types exists, by virtue of the store
of genetic varistion that has accumulated and been maintained in
balanced chromosomal rearrangements. As discussed earlier (2.10),
sex limited variation would be especially beneficial, as would be
a high mutation rate. There is strong evidence for the existence of
both (sex limited traits and a high mutation rate) in spider mites.
The tendency to inbreeding in spider mites could work both ways: to
maintain uniformity, or to force the break up of balanced rearrange-

ments,
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Such a picture accords with the observed situation in the
two-spotted spider mite. As far as Intraporulational variability
is conccrned, the genetic variability (or chromosomal polymorphism)
is small, but with regard to the interpopulational variability, the
genetic veriation is larpc (high egg sterilities). The reasons must
be due to many interacting factors: the haploid-diploid sex
determination, a high mutational rate, a high recombination index,
a high degree of inbreeding without depressive effects, the holo-
kinetic chromosome structure, the production of new gene combinations
by hybridisation. These various factors contribute greatly to the
mastery of the two-spotted spider mites in adapting to new environ-

ments and ecological niches,
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CAAPTER 7

CONCLUSIONS

From the results cbtained in the present investigation, the

following conclusions can be reached:

1. Resistance to parathion.-.cthyl in the two-spottea spiucr

mite, Tetranychus urticae, seems to be widespread in the commercial

fruit growing areas of New Zealand. If the developm2nt of parathion-
methyl resistance does lead to cross-resistance to other organo-
phosphorus compounds, then alternative organophosphates as acaricides

will not be effective for the control of spider mites.

2, Resistance to formetanate shown by strains resistant to
parathion-methyl is probably a reflection of the phenomenon of cross-
resistance between organophosphates and carbamates. Therefore, the
use of carbamates as alternatives to organophosphates in a situa-
tion where organophosphate resistance had already developed may not

be attractive.

3. Plictran (tricyclohexyltin hydroxide) and Kelthane
(dicofol) are still effcetive acaricides for non-resistant and
organophosphate resistant mites. Parathion-methyl is still the most
effective acaricide in comparison with the other three acaricides
(formetanate, tricyclohexyltin and 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-dominant or dominant major gene which
is transmissible by both sexes. Uytoplasmic factors or nucleo-cyto-
plasmic interactions are probably involved to 2 slight degree in the
expression of total resistance. Minor genes which are removable by

repeated backerossing are also probably involved.

5, Reversion which occurs in the HNR population is probably

due to the absence of some vital factors.

6. The two-gpotted spider mites in New Zealand appear to be
comprised of various strains. Intrapopulational crosses of two-
spotted spider mites produce progeny which show normal egg sterility
and sex ratio in the Fl and F2 generations but these values are

liable to some degree of fluctuations.

7. Interpopulational crosses of the six strains of I.urticae
rive rise to various degrees of egg infertilities in the Fl genera-
tion (caused probably by different gene complements in one genome)
and high egg mortalities 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 reduction in the sex-ratio (females:males) of Fl in
the interpopulationmal crosses is probably due to the mortality of

diploid eggs.
10. Incompatibility between colonies is multifactorial.

11, Some strains, by repeated backcrossing with normal males,
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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 backecross 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=1lly different from the parents,
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Appendix 1 Results of the Dosuge-liortality Response of T.urticae to parathion-methyl, 129
formetunate ana tricyclohexyltin hyaroxide

STRAIN, CONCENTRATION OF | NUMBER OF MITES 2), HOUR CORRECTED
TOXICANT CROSS OR ACTIVE INGREDIENT | TsSTED % MORTALITY HORTALITY
BACKCROSS IN PR

100 131 98.00 96.00

50 129 46.00 4. 00

PARATHION PN 25 129 6.00 2.00

0 129 4,00 0

1,000 152 100.00 100. 00

500 134 91.00 91.00

PARATHION STTR 250 130 52.00 49.00

100 65 8.00 3.00

0 151 5.00 0

40,000 132 99.00 99.00

30,000 132 88. 00 87.00

20,000 147 70,00 69.00

PARATHION LINES 10,000 126 24,00 22,00
5,000 67 6.00 3.0

0 129 3.00 o

80,000 6l 100.00 100.00

60,000 132 95.00 35.00

PARATHION LHRS 40,000 132 80.00 78.00

20,000 131 18.00 12,00

0 127 6.00 0
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STRAIN, CONCENTRATION OF NUMBER OF WITES 2l HOUR CORRECTED
TOXICANT CROSS, OR ACTIVE INGREDIENT | TESTED % MORTALITY MORTALITY
BACKCROSS IN PR
60,000 127 78.00 77.00
; . 40,000 121 42,00 40.00
FARATHION & 20,000 132 14,00 10.00
0 131 4., 00 0
20,000 151 96.94 96.77
10,000 135 9l.73 91,20
5,000 150 77.69 76.21
2,500 129 7752 76,03
1,000 125 The 75 73.05
PARATHION HNR 500 1253 7457 72.88
250 116 Fis /3 %) 1579
100 127 56.69 53,78
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
PORMETANATE N 50 188 30,00 25,00
25 140 22,00 16,00
25/2 96 11.00 5.00
0 36 7.00 0
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STRAIN, CONCENTE.\TION OF | NUMBER OF WITES 2 HOUR CORRLECTED
TOXTCANT CROSS OR ACTIVE INGREDIBNT | TESTED % MORTALITY MORTALITY
BACKCROSS IN FPM
10,000 67 100.00 100.00
5,000 63 92,00 92.00
2,000 35 88.00 88.00
_ — 1,00C 96 69.00 68, 00
FORMET ANATE ETTR 500 95 48,00 146.00
200 n 19,00 16,00
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
FORMET ANATE LINES 10,000 117 25.00 24.00
5,000 123 11.00 10,00
2,000 $1 1,00 0
100,000 96 79.00 77.00
50,000 W 7L, 00 71.00
20,000 121 56.00 51,00
FORMETANATE LERS 10,000 9L 32,00 24,00
5,000 &9 27.00 13.00
2,000 &5 14.00 4.00
0 101 10.00 0
100,000 91 95,00 94,00
50,000 96 91.00 90.00
20,000 91 85.00 83,00
FORMETANATE SP 10,000 57 60. 00 53,00
5,000 27 48,00 40,00
0 79 14.00 0
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STRAIN, CONCENTRATION OF NUMBER OF MITES 2k HOUR CORRECT =D
TOXICANT CROSS OR ACTIVi INGREDIENT | Ta&STED % MORTALITY MORTALITY
BACKCROSS IN PcM
20,000 122 87.00 85.00
10,000 152 60.00 54.00
5,000 119 67.00 62.00
2,000 11 .00 .00
TRICYCLOHEXYLTIN PN 1,000 123 t;.oo 32,00
HYUROXIDE 500 56 18.00 5.00
(PLICTRAN) 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
i 5,000 151 15,00 13,00
TRICYCLOHEXYLTIN . 2,000 130 15.00 13.00
HYDROALVE 1,000 151 11.00 9.00
(PLICTRAN) 500 59 8.00 6.00
0 126 2,00 0
100,000 100 100.00 100.00
50,000 92 8. 0O 82.00
TRICYCLOHEXYLTIN LIT&S 20,000 69 28,00 19.00
E?DROKIDE) 0 9 12.00 0
PLICTR&N
100,000 102 100,00 100,00
50,000 101 96.00 96.00
20,000 s 55.00 53.00
TRICYCLOHEXYLTIN LHRS 10,000 99 25.00 2§.00
HYDROXTIDE 5,000 99 16.00 15.00
0] 103 4.00 0




STRAIN CONCENTRATION OF NUMBER OF wITES 24 HOUR CORRECTED
TOAICANT CROSS OR ACTIVE INGREDIENT | TESTED % MORTALITY | MORTALITY
BACKCROSS IN PP

100,000 30 70,00
TRICYCLOHEXYLTIN 50,000 43 27.08
HYDROXIDE SP 20,000 6l 7.81
0 62 3.22

50,000 98 100.00 100.00

20,000 6 82.00 80.00

10,000 128 76.00 74.00

PARATHION 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 o8 24.00 15.00

PARATHION LINES. PN 5,000 60 15.00 8.00

2,000 97 11.00 4. 00

0 W 7.00 O

50,000 % 91.00 90. 00

20,000 97 47.00 42,00

PaR:THION LHRS, PN 10,000 99 35.00 29.00

5,000 99 15.00 5.00

0 96 8.00 0

20,000 125 72.00 69,00

5,000 98 42.00 36,00

PARATHION SP. PN 2,000 &8 24,00 16.00

0 90 9.0 0




TRAIN, CONCENTRATION OF | NUMBLR OF WMITES 2l HOUR CORRECTEL
TOXICANT CRCSS OR ACTIVE INGREDIENT | TESTHU 5 VORTALITY MORTALITY
BaCKCROSS IN PPM

5,000 23 99,00 39,00
2,000 93 82,00 §1.00
FORMET «NATE HNR. PN 1’283 gé gi:gg ig:gg
200 101 19.00 13.00
0 97 6.00 0
100,000 96 92.00 50.00
50,000 36 92.00 90.00
20,000 39 &8.00 86.00
10,000 99 57.00 50.00
FPORMET ANATE LINES, PN 5,000 91 41.00 31.00
2,000 105 16.00 2.00
1,000 105 17.00 3,00
0 101 14.00 0
100,000 95 94.00 95.00
50,000 97 91.00 89.00
) 20,000 100 78.00 74,00
FORMET&NATE LHRS, PN 10,000 i01 L7, 00 5800
5,000 9 25.00 8.00
2,000 37 18,00 4.00
0 37 15.00 0
100. 000 102 100. 00 100, 00
5C,000 105 99.00 99.00
20,000 109 96,00 96.00
10,000 106 96.00 96,00
o 5,000 139 94.00 93.00
FORMET ANATE .= 2,000 201 59.00 56.00
1,000 155 61.00 59.00
500 39 27.00 22,00
200 102 25.00 20.00
0 102 6.00 0
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STRAIN, CONCENTRATION OF NUM3ER OF ITES 24 HOUR CORRECTED
TOXICANT CROSS OR aCTIVE LGREIENT | TESTED %0 MORTALITY MORTALITY
BACKCKOSS IN PP _

TRICYCLOHEXYLTIN gt 95 g 0, G

TR 10,000 82 9. 00 91.00

(PLICTRAN) INR, PN 5,000 77 84.00 60,00

2,000 96 45.00 50.00

0 SN 21.00 0

G T r 20,%0 98 95000 94-00

PO YL S e 10,000 T 71.00 67.00

HYDROX LIVES, =N 5,000 36 39,00 30,00
(PLICTRAN)

= =) 0 101 12,00 0

50,000 97 100,00 100,00

20,000 98 84.00 82.00

TRICYCLOHEAYLTIN 12’888 33 2?'38 25'88

EYUROXTUK LHRS, PN 2,000 99 26.00 25.00

(PLICTRAN) 1,000 35 16.00 15.00

500 35 6.00 2.00

0 100 4. 00 0

20,000 6l 95.00 94,00

(PJ..IC'IR.:J\F) 2,000 125 16.00 9-00

0 102 18.00 0
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STR.IN, ' CONCENTRATION OF | NUWBER OF WITS 24 HOUR CORRLCT £D
TOAICANT CROSS OR ACTIVE INGREDIENT | TESTeD % MORTALITY MORLALITY
34CKCROSS IN PEM
80,000 49 98.00 38.00
40,000 102 86.00 86,00
20,000 106 46.00 4. 00
10,000 102 35.00 53.00
PARATHION Py pvd x LHRSY 5,000 65 25,00 22,00
2,000 62 11.00 8.00
1,000 & 7.00 .00
0 6ly 5.00 0
40,000 52 100,00 100. 00
20,000 29 90.00 &8.00
] 10,000 32 50, 00 4. 00
PRATHION F , PN§ x s d 5,000 52 50.00 4ls. 00
2,000 53 40.C0 32.00
0 29 10.00 0
40,000 99 99.00 99.00
PuRATHION F., Pchx LINES? 10,000 105 38.00 53.00
1 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
o o , 10,000 62 84,00 8L4.00
PARATHION R, PN¥ x Linusd 5’000 65 v e
2,000 66 23.00 22.00
0 663 2.00 0




AT

STRAIN, CONCENTRATION OF | NUMBER OF MITES 24 HOUR CORRECTED
TOXICANT CROSS OR ACTIVE INGREDIENT | TESTED % MORTALITY | MORTALITY
BACKCRCSS IN PPU
80,000 94 100. 00 100.00
40,000 67 99.00 38.00
20,000 97 95.00 95.00
i ® J 10,000 96 53.00 50,00
PARATHION L, BEN6"x SP-?— 5,000 31 L2.00 38,00
2,000 27 26.00 20.00
0 65 6.00 0
40,000 52 100.00 100.00
20,000 32 100, 00 100.00
422

PARATHION F,s PNj x SPS 12:888 35 Eg:gg 22:88
2,000 2 Ly, 00 42,00
0 26 4.00 0
40,000 32 100. 00 100. 00
20,000 67 89.55 89. 23
10,000 32 78.11 77.47
5,000 51 54.. 84 50447
2,000 51 51.61 50,14
1,000 28 50.00 48.49
By 500 30 56467 55. 36
PARATHION F. (eNd'x LINESY) x ENO)| 200 32 55+13 5L.71
- 100 28 5714 55.84
50 52 40,63 38.83

25 - - -
25/2 31 35.48 33.53
25/L 29 2L, 14 21.84
25/8 32 6.25 Sabicl
0 34 2,94 0
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CCRRECTED

STRAIN, CONCENTR-TION OF NUMseR OF LlITeS 24 HOUR
TOXICANT CROSS OR ACTIVE LiGrEDIENT | TESTEU /o WORTALITY WORTALITY
BACKCROSS IN PPM
20,000 3 100.00 100,00
10,000 €L 88.52 87.73
5,000 53 100.00 100.00
2,000 9 67.02 64+ 75
1,000 b 56, 58 5337
5 — 500 2‘9 L5.48 39.58
- o . 200 2 48, 39 L. 85
PARATHION Fl(PN$quJES )XPN 7ot o i S
50 60 56,67 545, 60
25 29 L4, 07 L40. 21
25/2 62 40,32 36.21
25/ 63 19.05 13.47
25/8 L6 13.04 7.04
0 Al 6.45 0
20,000 35 100.00 100.00
10,000 63 8l L3 83,04
5,000 66 66.67 6k 37
2,000 61 59,02 56.19
1,000 52 71.88 69. 94
B, 500 57 6L 91 22.49
N 200 30 69.70 7.61
PaRATHION Fl(PNJtXWRS% @nd® 160 6L 60. 94 58, 25
50 62 LE.77 45.10
25 30 70.00 67.93
25/2 b 52,9 49.70
25/ 32 15.63 9.81
25/8 32 12.50 6.47
0 S 6.45 0
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STK.IN, CONCENTRATION OF | NULZeR OF MITwS' 2l HOUR CORRECT LD
TOAIC..NT CROSS OR ACTIVE INGREDILNT TuSTED /o MORTLLITY KORTALITY
BaCKCROSS I PP

40,000 32 100. 00 100,00
20,000 30 56,67 J6.bk
10,000 62 85,48 Bl 4o
5,000 68 72.06 70.13
2,000 61 65.57 ©3.20
B, 1,000 60 51,67 48, 54
‘ 500 Iy 57.45 5, 52
PARATHION B, (egxLHRSE) kPN 200 6{ 5;_ 16 19.18
100 5 65.08 60, 53
50 k4 Sly. 69 Bl 57
25 59 L. 07 40.21
25/2 61 18.03 12.38
25/L 62 645 0
0 bl 6.45 6]
40,000 32 100.00 100. 00
20,000 61 90.16 89,40
1C,000 65 75.01 70.93
5,000 66 68.18 65.73
2,000 2 50.00 46,16
1,000 97 51.54 47.81
B, 500 35 42,42 40.15
o — & e R 200 51 41.93 37.00
PRATHION rl(PN61SPfJxPuc” i 5 e iy
50 6L 57.81 Sk 57
25 58 4l 82 40.58
25/2 50 50..00 46,16
25/4 29 /T 18. %0
25/6 62 ik 51 7.9
0 70 7.1 0




140

STRIN, CONCENTRATION OF NUMBzR OF MITES 2l HOUR CORRECT &b
TOKICANT CROSS OR ACTIVE INGREUIENT | TESTED % MORTaLITY MORTALITY
BACKCROSS IN FPM
40,000 60 98,33 98.16
20,000 63 98.41 98. 25
10,000 91 95. 60 95,14
5,000 60 78.33 76.09
2,000 62 82,26 80.42
B 1,000 ok 6l 71 61,32
i 500 61 70.49 61.06
PARATHION . ¥ (PNgxspd) eric? 200 62 74419 71.52
100 50 60.00 55.86
50 35 8l.35 63,26
25 25 52.00 47,03
25/2 51 45.16 39.48
25/ 52 21,88 13.79
25/8 i 12,90 3,868
0 52 9.58 0
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Sterility Percentazges and Sex-Ratios of the
and B, Generutions In the

GENER.TION BCKCRCSS STERILITY SEX-RAT IO
SKRIES PERCENTAGES
LIN#S, PN 9.58 372
LHRS, PN 12, 36 3.68
SP. PN 26,85 2.88
¥y PN, LINES 17.60 1.29
PN, LHRS 48.29 0.32
PN, SP 24,88 0.65
LINES, PN 76.31 2.40
LHRS, PN 57.51 5450
SP. PN 72.95 1.86
By PN, LINES 61,57 .35
PN, LHRS 5042 1.97
PN. SP 87.05 5,02
LINES, BN 75497 1,57
LHRS, PN 50,91 "9
SP. PN 54,67 .75
B, PN, LINES 41.49 3.01
PN, LERS 47, 5k 2.81
PN, SP 57.29 2.85
LINS, PN 664 70 Lok
LHRS, N 43.67 2,43
SP, PN Lo 4l 2,09
By PN, LINES 42.80 3.03
PN, LHRS 45,32 1.75
PN, SP 31.70 L T2
LINES, PN 66.79 1.35
LARS. PN 5k..85 2,68
SP. PN 29.71 24 24
8 PN, LINES L7.37 1.78
PN, LHRS 38.11 1,51
PN, SP 31.80 2,40






