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INSECTICIDES AND FUNGICIDES
DEPARTMENT C. POfiER

The genetical work on resistance to the pyrethroids indicates that some of
the mechanisms that cotrfer resistance to the natural pyrethrins did not do
so to the new synthetic material tested (NRDC 104), so resistance to it is
much less than to the natural pyrethrins after equiyalent selection. By
checking their effectiveness against strains resistant to the pyrethrins, this
information could b€ used to select new insecticides less likely than older
ones to lose eflectiveness because insects develop resistance. These syn-
thetics are perhaps more effective against susceptible strains because they
are less easily degraded. Similarly, biochemical work defined degradation
mechanisms responsible for insects becoming resistant to organophos-
phorus compounds, and by selecting compounds not susceptible to
degradation by these mechanisms organophosphorus compounds less
likely to lose effectiveness because insects develop resistance could be
produced.

Experiments under controlled conditions showed how the amount and
distribution of rain can affect the insecticidal efficiency of foliar applica-
tions of granular formulations of systemic insecticides applied to leaves of
field beans. Granules have several advantages over sprays, especially in
safeguarding bees, but in dry weather sprays might be more efrective
against aphids.

Earlier work showed that commercial application of dry seed dressiogs
for pest control was unsatisfactory. Current work has confirmed that this
is also true of liquid seed dressings and that it applies both to insecticides
and fungicides. With dry dressings the distribution per seed is good, but
the amount retained per seed is smaller, often much smaller, than required.
With liquid dressings retention may be adequate but the distribution is
poor and may result in inadequate protection and phytotoxicity.

Many fungicides, including some with systemic action, were tested on
potted plants for control of potato comrnon scab, but only captafol and
tecnazene were as effective as quintozene, which is used commercially in
some countries, but it is suspected to be carcinogenic.

Ir€cticides
The causes of resistance

Metabolism of orgaaoplnsphorus insecticides by stuins of hoasefry
(Musca donestica I.). Subcellular preparations ofthe SKA strain meta-
bolise diazinon, diazoxon and parathion by at least flve mechanisms, of
which two are associated with resistance factors.

Using pure line strains for each resistance mechanism showed that one
mechanism (A), desethylation of all three insecticides by a glutath.ione-
requiring enzyme contained in the supematant fraction of subcellular
preparations, accompanies the gene a resistance factor (chromosome II).
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The second mechanism @), contained in the microsomal fraction of sub-
cellular prelmrations, metabolises diazoxon to two unidentified compounds.
It accompanies a resistance factor on chromosome Y. Also both the super-
natant and microsomal fractions of preparations, from either resistant or
susc€ptible (Rothantsted Report fot 1968, Part 2, l7l) flies, cleave all
three insectisides to either diethyl phosphorothionate or diethyl phosphate
(mechanisms C and D), and the microsomal fractions convert the thionates
to their more toxic oxygen analogues (mechanism E).

Although resistant and susceptible stmins differ little in the rates they
cleave diazoxon when diazoxon is the substrate, with diazinon (or
parathioD) as substrate almost no diethyl phosphate is formed rz viro
either by susceptible strains or the strain with the chromosome Y factor.

Subcellular preparations of houseflies do not conyert diethyl phosphoro-
thionate to diethyl phosphate, and so diethyl phosphate results from
cleavage of the oxygen analogue. From this, the sum of the amounts of
oxon and diethyl phosphate present gives the total oxon formation. Flies
with either the resistance factor on chromosomes II or Y, or oo both as
in the SKA strain, produce more of the oxygen analogues than do suscep-
tible flies. However, the actual concentration of oxon in these resistant
strains is much less, because it is rapidly detoxifed by the resistance
mechanisms.

Thus resistance to diazinon and parathion in strains with gene a depends
on a faster and more efrcient detoxifcation of diazoxon and paraoxon to
diethyl phosphate and the desethyl derivatives. In strains with the cfuomo-
some V factor, resistance to diazinon is from the detoxification of diazoxon
to the two unidentified metabolites (this factor does not confer resistauce
to parathion). (I*wis)

Because gene a gives specific resistance to ethyl chlorthion, it was
thought desirable to use this insecticide to study the gene a mechanism.
[1aC-ethoxy]ethyl chlorthion was synthesised by a method aDalogous to
that for parathion (Hilton & O'Brien,l. econ. Ent. (1965), 58,221). Both
resistant atrd suscrptible strains of housefly cleave ethyl chlorthion to
diethyl phosphorothioaate, in vivo and in rilro. However, subcellular
preparations from strains with gene a produce very little of the desethyl
derivative and more of an unidentified metabolite, in the presence of gluta-
thione. (I-ord and Irwis)

Interaclion betveel the fqclot dclzying penefiotion of inseaicides in
houtelies snd tlE desethylation rcsistarce rnechutism. The factor delaying
the penetration of insecticides in housefly strain 348 was successfully bred
into a strain with the desethylation mechanism of resistance (strain 393),
using the method of substitutitrg the unmarked chromosomes with the
resistan@ factors by chromosomes with visible mutant markers lacking
factors of resistance. This enabled the interaction of the delayed penetra-
tion and desethylation to resistance to be measured against the same 14
organophosphate insecticides as used for previous resistanc€ studies
(Rothon*ted Report for 1968, Paft 2, 172).

Delayed penetration increased the resistance of the flies with the desethy-
lation mechanisms and their combined activity produced a resistance
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identical to, and thus fully accounting for, the resistanc€ of the SKA strain
to parathion methyl, malathion, chloroxon and ethyl chlorthion, and for
most of the resistance against chlorthion and ethyl malathion. Delayed
penetration increased resistance to the corresponding phosphates exc€pt
chloroxon little, partly because of the faster penetration of the phosphates,
and cannot account for more than half the resistance against these com-
pounds in the SKA strain. The sesamex-inhibited factor (on chromosome V),
present in the SKA strain, probably interacts with the desethylation mecha-
nism to increase resistance to the phosphates, although by itself this
mechanism gives only moderate to slight resistance to diazinon, diazoxon
and malaoxon ethyl and none to other organophosphorus compound
tested.

The modifying activity of mechanisms that alone have no apparent
effect on resistance, complicates the study of resistance and may explain
some of the puzzling results reported in the literature. (Sawicki)

Perctration of insecticitlcs irto housefies with and withoat thc factot
de@ng l,orntratiot. The penetration of insecticides into houseflies,
with and wittrout the factor that delays penetration (Rothamsted Report
for 1967, 165), was studied by measuring the amounts of the insecticides
on the surface of the flies at intervals after treatment. The factor slowed
the entry of all the insecticides tested, but its effect depended on the
dose, and had little or no eflect when the dose applied was big (20 pglfly).
Penetration in all strains, susceptible and resistant, increased but not
proportionally to the size of the dose. The rate insecticide was lost from
the surface slowed with time and increasing age of the insects. It was
faster in males than females, and was always faster in flies without the
penetration factor. The differences in penetration between the flies with
and without the factor was less with ndodecane as solvent than with
acetone.

With all strains, rate of loss from the surface was slowest with dieldrin.
Diazinon, parathion and chlorthion ethyl were lost at about the same rate;
diazoxon penetrated fastest. (Sawicki and Lord)

Compomds influencing insect bchaviom

Glatfulo secraias of thc cotaa Jraitra, DysdercG intelmedi[s Dirr,
Results from work on the scent-gland system of adult cotton stainers wsre
published. (9.10). (Calam and Scott)

Sex- aad specics-specifu conpnuds lrom nale bunblebees (En,mfus
rpp). Identification of the major components of extracts from heads of
male bumblebees of five species was reported last year (p. 174). Authentic
samples of cr-hexadec-9-en-l-ol and ethyl myristoleate (cat-tetradec-9-
enoate) were obtained and their analytical behaviour agreed closely with
that of the compounds identified in B. lapifurius ar.d B. lucorum resp*-
tively. Unfortunately, insufficient natural material remained for direct
comparison and the stereochemistry of the double bonds in the natural
compounds remains in doubt. (Calam)
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Sttlital,y gland secretion of the lanac a/ Dasyneua spp. Larvae of
Dasynerro spp. stimulate the formation of galls in plants, which has been
attributed to substance(s) secreted from their salivary glands. Extracts
of dissected glands from both D. utticae ard D. afinis larvae were
examined by mass sp€ctrometry. Both samples contained 3-indolylacetic
acid (lAA) as a major component (identified by comparison with an
authentic sample), together with small amounts of interfering material.
The average content of lAA, estimated colorimetrically w^s 1'24 pg per
D. urticae larva and 4'39 pg per D. afinis larva. IAA is a plant-growth
hormone and its identifcation provides a possible explanation for the
ability ofthe larvae ofthe genus Daslnera to promote galls. (Calam and
D. Leatherdale, Royal Entomological Society)

Tlt ,rdro. of corrrporctlts h wheot exta.tt thct ifiierce the bcluvios
of Weat hlb fly larvu. Methanol extracts of wheat stems, partially
purified by chromatography on Sephadex LH20, were assayed by a test
for measuring arrestant activity. Conc€ntrating purified extracts yielded
an insoluble fraction that contained most of the biological activity. This
fraction mostly dissolved in a large volume of methanol. When aliquots
of the solution were evaporated and the residues heated, either in the ion
source of a mass spectrometer to 260'C at a pressure of I x 10-6 mm, or
in air to 150'C, they retained activity. Heating in air to 260'C destroyed
activity. The involatility and susc€ptibility to oxidation, together with the
changes in solubility associated with concentration, discount ttre possi-
bilty that the active material is inorganic. These properties also severely
limit the choice of organic substanc€s, and possibly suggest a phenolic
compound of some type. (Scott and Calam)

Behatiott ud antol of wbeworms (lgtlots spp.). Results of labora-
tory tests to see whether a bait could be developed for use with a poison
to kill wireworms, or whether substances could be found that would prevent
wireworms from feeding on plants, are summarised in 9.18. (Grimth$

R€sistrncc to the pyre6roids antl DDT. To see whether exposure to two
structurally related selecting agents would aflect the pattern of resistance
they developed a straia of houseflies, 2l3ab, which had been selected
intermittently by exposure to an 8 : I mixture of piperonyl butoxide and
pyrethrum extract, was divided into two substrains. Each sub-strain
has been selected regularly for more than 50 generations, one (strain ,VPX)
with pyrethrum extract alone, the other (strain 104) with 5-benzyl-3-
furylnethyl (*lcis+razs-chrysanthemate (5B3FC). The resulting popula-
tions were compared with each other and with the original parent stock.

Strain NP.R was much more resistant ( < 100) to pyretfuum extract than
2l3ab (approx. 10) and has a slightly increased cross resistance to 5B3FC
(from 35- to 8Gfold). Strain 104 was less resistant (one-thttieth) than
2l3ab to 5B3FC, and also less cross resistant (one-third) to natural
pyrethrins.

Both strains remained very resistant to DDT with apProxjmately 70%
of the population immune, DDT is not synergised by Sesamex or FDMC
208
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(bis-(pchlorophenylltrifluoromethyl carbinol), or a combination of
both, indicating that the major resistance factor is not DDT-dehydro-
chlorination or thc Sesamex-susceptible factor as it is in the SKA strain.
(Farnham)

Site of ac'tion of pyreltril I
Effect of pyrettrin I on conduction of action potertids in iGect girrt fbr€s.
Previous work (Rothamsted Report for 1968, Patt 1, l7Gl77) showed
that as little pyrethrin I in saline as 10-10 M increased spontaneous nervous
activity perceptibly in sixth abdominal ganglia of the cockroach Periplaneta
amelicqna L., at,.d that a concentration of l0-? M caused serious symptoms
of poisoning. Narahashi, however (./. cell. comp. Physiol. (1962), 59,
6145, 67J6) found that as much as 3 x 10-o M of the synthetic pyre-
throid altethrin was needed to cause fust repetitive after-discharge and
then conduction-block in the giant fibres of the cockroach abdominal
nerve cord.

The eflect of pyrethrin I on conduction in giant fibres was tested by
irrigating a length of the abdominal cord with solutions of pyrethrin I
in saline at a rate of l0 pl per minute while stimulating the cord electrically
at intervals and measuring with an oscilloscope the amplitude of the action
potentials produced. Pyrethrin I at concentrations of 2 x 10-0 and
2 x l0-7 M steadily decreased the amplitude of the action potentials to
2{.J_-301 of thejr original value 2 hours after treatment began, and soon
afterwards the fibres ceased to propagate action potentials even when the
stimulus strength was doubled. Irrigation for 2 hours with pyrethdn I at
2 x l0.8 M decreased the amplitude of the action potentials to 50-70'%
their initial values, though conduction was not blocked even after 3 hours.
The effects of irrigation with more dilute pyrethdn I could not be distin-
guished from those of saline alone, which had decreased the amplitude of
action potentials to 851 initial value after 3 hours.

These results resemble those Narabashi obtained with allethrin and
suggest that pyretfuin I and allethrin are of similar potency at this site of
action. However, the concentration of pyrethrin I in the haemolymph of
cockroaches given a lethal dose of this insecticide was shown to be less
than l0--? M (Rorhansted Report for 1968, Part l, 178), too small a
concentration to affect giant fibre conduction, though much lower concen-
trations afu spontaneous nervous activity within ganglia.

Condition of ventrgl nerve cords in coclcoaches preyiously poisoned with
lethal dmes of pyrethrin I. Cockroaehes were treated topically with
LD95s (0.45 pg) of pyrethdn I, and at intervals up to 24 hours later the
ventral nerve cord was exposed and its condition assessed by electro-
physiological methods. Fifteen minutes after dosing, when the insects
began to show symptoms of poisoning, spontaneous actiyity in the sixth
abdominal ganglion had doubled; it remained at this level for at least
4 hours after dosing. From 15 minutes to 2 hours after dosing, when the
insects showed violent symptoms of poisoning, bursts of iDtense activity

t4 2W
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occurred in the ganglia, but bursts became fewer as the insects became
prostrate.

Until 12 hours after dosing, \vhen the insects were becoming moribund,
the cercal nerve-giant fibre pathway through the sixth abdominal ganglion
seemed only partially affected. The amplitude of action potentials in giant
fibres decreased little until at least 4 hours after dosing, and conduction
was not blocked until 6 hours after dosing. Hence, impaired conduction
in the cercal nerve-giant flbre pathways, and in the giant fibres themselves,
seems to be a very late symptom in the poisoning process and could be
associated with a general deterioration in the insects' condition rather than
with the primary action of pyrethrin I. However, the amount of spon-
taneous activity within sixth abdominal ganglia changes when the insects
show severe symptoms ofpoisoning and when the maximum concentration
of pyrethrin I within the insects is fust reached. Therefore, although the
nature of the toxic action of pyrethrin I at the lethal site of action may
resemble its action on giant fibres, the fatal lesion is probably situated
within the ganglia rather than in the giant fibres or peripheral nerve axons.

The spread of topically rpplieil pyrethin I to the cenhrl n€Iyous systems of
cochoaches. Burt and Lord (Ent. exp. appl, (1968), 11, 55-67) showed
that I hour after LD90s of diazoxon were topically appled in I ;,1 drops
of acetone to adult cockroaches, 181 of the insecticide had appeared
in the tissues, proportioned b€tween fluids and solids ac.ording to its
partition co€fficient, and that the conc€ntration in the haemolynph could
account for the severity of the symptoms of poisoning in the central
nervous system. We concluded that the insecticide made its way into the
nervous system from the haemolymph. Gerolt (J. Insect Physiol. (1969),
15, 563-580) has since produced evidence that the tracheal system conveys
insecticides from the cuticle to the central nervous system, the haemo-
lymph playing little or no part. How insecticides spread to the central
nervous system and enter it must be taken into account'when their mode of
action is studied, b€cause the node of entry may well influence the mode
of action. Some tests were therefore done to try to determine the way
pyrethrin I spreads from the cuticle to the c€ntral nervous system.

(I) Pyalwia I content ol haemolynph. Attempts to determine chemically
pyrethrin I in the haemolymph of cockroaches poisoned with this insecti-
cide failed because the method used was not sensitive enough, so bio-
logical tests were made.

Haemolymph was collected in capillaries of known volume ('Micro-
caps') from cockroaches previously poisoned with LD95s (0.45 pg) of
pyrethrin I. The haemolymph was transferred to a micrometer syringe
specially modified to displace its contents completely. This discharged
the haemolymph continuously at a rate of 0.85 pl per minute on to ex-
posed abdominal nerve cords in untreated cockroaches, while the cords
were monitored electrophysiologically for abnormal symptoms. Haemo-
lymph from untreated cockroaches had no effect on the nerve preparations,
but irrigation for l0 minutes with haemolymph from cockroaches treated
with LD95s of pyrethdn I l-2 hours before sampling, increased spon-
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taneous nervous activity in sixth abdominal ganglia tenfold. Activity
then decreased, a sequence of events similar to that produced by irrigating
ganglia with saline solutions of pyrethrin I in the range 10-8-10-? M.
Haemolymph from treated cockroaches decreased the amplitude of action
potentials in the giant fibre of the cord and increased the strength of the
stimulus required to excite them to approximately the same extent as
solutions of pyrethrin I in the range 10-L10-? M.

Neuroexcitatory materials released into the haemolymph as a conse-
quence of pyrethrin intoxication could have increased the spontaneous
activity in the ganglia, but are much less likely to have affected conduction
in the giant fibres.

(2) Ioxicity of pyretbia I ogtpliad in difercnl ways. LD95s of pyrethrin I
were applied to cockroaches in three ways: (a) to the metathoracic sterna
dissolved in I pl of acetone; (b) to the metathoracic sterna in I pl of a
solvent-free emulsion in saline; (c) introduc€d into the tracheal system vra
a metathoracic spiracle in 0.1 g.l of a solvent-free emulsion. (Treatments
(b) and (c) contained 0'l % of the emulsifier Ethylan-Tu.) The treated
insects were stored at 20'C for 48 hours and their condition assessed from
time to time. All treatments took effect equally quickly exctpt that (b) was
a little slower than the others for the fust half hour after treatment.
Forty-eight hours after treatment all insects treated topically were prostrate
or badly affected, afi 801of those receiving pyrethrin I vra the tracheal
system. There was little differenc€ between the effectiveness of topical and
tracheal treatments, and the presence of acetone did not increase the
speed of action or the uldmate toxicity of pyrethrin I applied topically.

(31 Efect on spontawow n rvoas a.titity in the ixth abdominal gaaglion
of intoduciag pyrethrin I itto tlo associaled taclusl systcm- The isolated
abdomen of a cockroach was dissected to expose the sixth aMominal
ganglion and associated tracheal system. A fine-tipped glass capillary
mouoted on a micrometer syringe was used to introduce 0'15 pl quantities
of a solvent-free emulsion of pyrethrin I into one of the longitudinal ventral
tracheae close to the ganglion, and precautions were taken to prevent the
emulsion running out of the cut tracheae on to the preparation. Spon-
taneous nervous activity in the ganglion was then monitored electro-
physiologically. Significant diflerences were not detected between the
amounts of spontaneous nervous activity associated with the following
treatments: (a) external irigation of the ganglia with saline alone; (b) ex-
ternal irrigation with saline after introducing 0'15 pl of a saline solution
of emulsifier into the tracheal system; (c) external irrigation after intro-
duction into the tracheal system of 0'15 pl of an emulsion in saline of
0.15 g.g of pyretbrin I (about one-third the LD95). When large doses
(l'5 and 7'5 pg) of pyrethrin I were introduced into the tracheae, spon-
taneous activity became much less, though without the initial burst of
greatly increased activity usual when ganglia are irrigated externally with
high concentratioos of pyretbdn I in saline.

Of the series of experiments described, experiment (l) suggests that the
haemolymph from cockroaches poisoned with pyrethdn I does contain

2Lt
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a substance toxic to nerve tissue; this may be pyrethrin I. Experiments (2)
and (3) provide no evidence in favour of tracheal transport of pyrethrin I,
because placing a similar dose of insecticide actually inside the tracheal
system incrcascs neither its speed of action nor its ultimate toxicity com-
pared with the same dose applied externally; also, placing inside part of
the tracheal system a dose of pyrethrin I three times as large as the whole
pyrethdn I content of a cockroach poisoned one hour previously with an
LD95 of this insecticide, fails to produc€ abnormal symptoms in the
associated nerve ganglion. (Burt and Goodchild)

Ilistuibution of pyrettrin I in relation to its toxic action

Sorption of pyrethrh I on cochroqch,ir.rt r. Tests were made on the
distribution of pyrethrin I between aqueous buffer solution (0.05M Tris
pH 7.0) and solids prepared by mac€rating whole adult cockroaches
(P. americana) or dissected nerve cords. Sretfuin I in aqueous buffer
solution was mixed with cockoach solids and after 5 minutes allowed
for equilibration, the solid and liquid phases were separated by centrifuga-
tion and decantation. In some tests, the solids were then equilibrated
wittr fresh buffer aud the separation repeated. The pyrethrin I was extracted
from the separated phases with hexane and assayed by gas chromatography
using N2 carrier gas, an electron capture detector ar.d, a 2 ft column of
2% SE30 on chromosorb W at 190'C. Pyrethrin I was about equally
strongly, though reversibly, sorbed on solids from nerve cords or whole
ins€cts. The distribution coefrcient between solids and buffer was approxi-
mately 2000 in favour of nerve cords (wet weighQ and 30 000 in favour of
total solids (dry weight).

Pyrctfuin I in tissus lrom poisottl ixecrJ. Cockroaches were poisoned
with LD95s of pyretbrin I (0.5 pg) and at intervals up to 24 hours
nerve cords were removed and assayed for insecticide. The dissected
nerve cords were extracted with hexane, the extract purified by chromato-
graphy on silica-gel-loaded pap€r (Whatman SG8l), using ethyl
acetate : hexane: I : 3 as solvent, and examined by gas chromato-
gxaphy. Although the method could detect as little as 1.5 ng pyrethrin I in
a single nerve cord (5 x 10-z M), pyrethrins were not found at any stage
of poisoning. This indicates that nervous function is affected with less
pyrethritr itr the nerve cord than 5 x l0-7 M. This, together with results
described in the previous section, suggests that amounts of pyrethrin I
in the fluid fraction of the haemolymph <2'5 x 10-10 are toxic to cock-
roaches. The electrophysiological results indicate that amounts of this
order could afrect spontaneous activity in the ganglia, but not axonic
conduction. The results as a whole therefore support the suggestion that
pyrethdn I kills insects by interfering with the function of the nerve ganglia.
(hrd)

Ins€cticirtd actiyity of syntt€fic pyretfuoids. Some new structue-activity
relationships bearing on the essential requirements for the structure of the
ccid side ofthe molecule were investigated. Using the most effective alcohol,
ibenzyl-3-furylmethyl alcohol, esters of a series of cyclopropane acids

212
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were synthesised and tested for insecticidal activity (fables I and 2).
Comparison of the activities of the 5-benzyl-3-furylmethyl esters of cyclo-
propane and (f!2,2-dimethylcyclopropane carboxylic acids shows the
importance of methyl groups on C-2. The dimethyl analogue also had a
far stronger knockdown effect than similar synthetic pyrethroids. In view
of these important properties, the acid was resolved, and the corresponding
esters of the (+) and (-) acids examined seParately. The near equiva-
lence in actiyity of these two esters (see Tables I and 2) contrasts with the
results from the (+) and (-) trans chrysanthemates (Rothamsted Report

for 1968, Part 1, 183) and is important evidence for the type of reaction
that occurs when the insect is being poisoned.

Other acids containing the 2,2dimethyl gxoups, namely the 3,3-dichloro'
and l-methyl-substituted 2,2-dimethyl cyclopropane carboxylic acids
gave esters, which altho',gh less potent than many of the pyretlroids
previously synthesised, were active enough to show that they still contained
the structural elements necessary for toxicity to insects. The 3-nitro sub'
stituted analogue, though, was much less toxic; it is often observed that
a very polar group in this class of compounds diminishes toxicity.

The importance of another centre in the molecule was established by
examining an analogue of 5-benzyl-3-furylmethyl (+>rrarrr-chrysanthe-
mate, with an extra methyl group on the a-carbon atom of the alcohol
(fable l). This small modifcation to the structure destroys the activity
almost completely, suggesting that the new substituent is interfering
fundamentally with an essential step in the poisoning Process.

TABLE I
Contact toxicity to adalt Phaedon cochlearirc Fab. and

adnlt Musca domestica L. of synthetic pyrethroids
Relative toxicities to
Phoedot Mutcd

cochlcarla. (F.) doncslicaL.

3.nitrc

100 lm<0.1 <o'5m5
14 ca.l
35 ca.5
U ca.lo
m10
o.2 0.5

310 3{D(+
( + )-Tan r.chrvsaotheeic €ster of:' 

I {5-benzfl-3-furyl)-€thyl atcobol O'2 I

Orylnic chemistry of synttetic pyrethroftls. 2,2-dimethyl-, 1 ,2,2-ti-methyl-
and 3-nitro-2,2-dimethyl cyclopropane carboxylic acids were prepared as

described in the literature (Nelson, et al.,J. Amer. Chem. Soc, (1957),79,
3467; Cannon et al., J. Amer. Chem. Soc. (1959), 81, 1660; Smith &
Engelhardt, "t. Amer. Chem. Soc. (1949),71,2676 resp€ctiYely).

Racemic 2,2dimethyl cyclopropane carboxylic acid was reacted with
either (f) or (-) c-methylbendamine to give mixtures of amine salts

from which the salts of the (-) and (+) acids respectively could be isolated

213
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TABI,E2

Contacl activit, to mosquitoes of slnthetic pyethroids

Aedesttephensi o.gyptl

0.95 l -52.! 3-7
5. I 8.0>315 > 3I5

CIhe results itr this table were obtainad by Dr F. Ba ow, Tropical Pesticidcs Research
Utrit.)

by repeated recrystallisation from benzene. The two amine salts from,
say, ttre (*) amine and the (f ) acid had very similar n.m.r. spectra, but
a useful difference was noticed for the peaks from one of the C-2 methyl
groups. In concentrated solutions in deuterochloroform, these two peaks
are about I c/s apart, a difference enough to monitor the progress of the
resolution at each stage. Decomposition of the purified amine salts, and
esterification gave 5-benzyl-3-furylmethyl (f ) and (->2,2dimethyl
carboxylates, each free from the other enantiomer.

Adding dichlorocarbene (generated from sodium trichlorac€tate in
diglyme and tetrachloroethylene) to p,p-dimethyl acrylic ester gave the
ethyl ester of 3,3-dichloro-2,2-dimethyl cyclopropane carboxytic acid.
Hydrolysis of this ester in alkali attacked the chloro groups also, but
hydrochloric acid in hot aqueous dioxan gave the required acid satisfac-
torily.

LDgh in n8 per l-2 day old
females

5-B€Dzyl-3-furylrnethyl este6 of :
( + >r/arrcbrysaDahcmic acid
( + >42dimethylcycloproparc carboxylic acid
( - >2,2dinethylcyclopropane carboxyuc acid
crclopropane carboxyuc acid

:CCl2
CMez: CH.COzEt - --+

aq.HCl
--'--._-->

DMSO, DCC

CMez-CH

CClz

CMez-CH

CC],z

. COzEt

.COzH

If-_lcHsoH
PhCH,\ )

o

,,---'-cHo
PhcH.ll ll

,/
MeMgl lnc\H--- ----' PhcH{ I b"

H3POa

Me

o

2t4
Reaction Schemes
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The reagent developed by mtzner and Moffatt (J. Amer, Chem. Soc.

(1963), t5, 3027) for the controlled oxidation of primary alcohols to
aldehydes proved useful for the synthesis of 5'benzyl furan-3-aldehyde.
Thus, 5-benzyt-3-furylmethyl alcohol with dicyclohexylcarbodi-imide and
orthophosphoric acid in dimethyl sulphoxide gave a tt0% yield of the

aldehyde. Reaction with the Grignard reagent from methyl iodide was

normal, but attempts to distil the alcohol so formed caused it to be

dehydrated. Instead, it was converted directly to the ester, which could
be distilled. (Elliott, Janes and Payne)

Synthetic pyrethroiils for tte control of pollen beetles (Meligethes spp).
An experiment was done to investigate the performance, on a field crop,
of one of the synthetic pyrethroids now being evaluated for commercial
production. NRDC ll4 (5-Benzyl-3-furylmethyl (1)'rrara-chrysanthe-
mate) was sprayed on to oil se€d rape to measure its effectiveness against
pollen beetles (Meligethes spp.). Unfortunately the kill of adult b€etles

could not be determined because the population in the crop was too small.
However, by cutting flower heads and washing out the beetle larvae,

it was possible to establish that the kill was comparable to that with
malathion. (Needhamand Stevenson)

Effects of €nyironm€ , formulation and substrate on tte PeFistencr
of ircecticides

Yolatilisation. Dieldrin crystals (crystal lengths 10-100 p) suspended in
water were sprayed to give deposits of 3-5 y.g[cmz on plain glass and sin-

tered glass of porosity grades 2, 3 and 4 (representing mean pore diameters
of about 45 p, 25 p, ar,d 8 p respectively). When Put in 'still air' environ-
ments at approximately 5l R.H., 50% R.H. ar,d 9594 R.H. at 20"C,

slightly but siglifcantly more dieldrin volatilised at 95% R.H. than at

thi other humidities from all the sintered glass surfaces, but not from
plain glass. Whereas double exponential equations usually apply to the
iates of loss by volatilisation of dieldrin from glass sxfaces (Rothamsted

Report for 1968, Pan l, 184), losses a1951R.H. from porous glass sur-

faces were better fitted by a simple sigmoid (or logistic) curve, with the
general equation: y

-Y - f+ erit-r)

where y is the amount of insecticide remaining on the surface at time ,,

Iis the maximum value ofy, u the value of t when y: |I, and /c is the

slope parameter.

Stickers for use with microcapsules. The choice of stickers to increase the

times microcapsules are retained (principally against rainwashing) on
different surfaces was narrowed to tbree (all supplied by BASF (U.K.)
Ltd. as 50% (w/v) aqueous emulsions), namely 'Lutonal J.65D' (polyvinyl
isobutyl ethir), 'Acronal 4D' and 'Acronal 7D' (butyl polyacrylates). Their
effectiveness was compared by counting the microcapsules washed ofr
young leaves of cotton or kale or glass surfaces, with and -without
itickeis, after different periods in the 'rainwashing' machine (described

2t5
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TABLE 3

Percentages of microcapsules aged lor diferent periods at m'C remaining on surloces
aftet diferent ruinwdshing periods
(R€sults arc the mcafls of 5 replicates)

AgeinSperiod
Rainwashing period (secs)

Surfacr: Gla6s
Sticker : Acaoml 4D

Acaonal 7D
Lutooal

Surface : Kale leaf
Sticker: Acronal4D

Acronal 7D
Lutorlal

Surface: Cotton lerf
Sticker: Acronal4D

Acronal 7D
Lutonal

I day I week 4 week6 8 wecks0 30 150 300 0 30 150 300 0 30 150 300 0 30 150 300

100 97 89 67 100 97 95 89 100 97 9s 91 100 99 96 89
100 97 15 49 tN 96 77 54 100 96 85 68 100 97 81 55t@ 92 56 2E 100 95 61 25 100 98 73 36 tN 93 77 44

100 94 83 65 tN 96 92 77 tN 91 92 18 t00 96 9t 85
100 92 6s 36 tN 90 62 39 t00 97 84 65 100 99 91 75
100 84 47 t5 100 8t 43 l0 tN 7t 45 m 100 85 39 9

100 96 87 65 r00 95 85 64 t@ 77 54 41 100 87 ?3 55tfi 9t 51 26 100 92 65 3s 1@ 94 17 62 100 96 83 70tN 67 t1 310038 5 t 100 47 l8 31008831 4
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in Chemy Ind. (1969), 13, 4l,t-415). The sticker emulsions were diluted with
water to give 2L% @b) sticker emulsions. Suspensions of a large micro-
capsule sample (500-750 p diameter, consisting of a DDT formulation
encapsulated in a hardened gelatin-gum arabic wall) were made in these
dilute emulsions, and 0'5 ml containing l0G-200 microcapsules and 0.01 g
sticker spread over l0 cm2 circular areas of the surfaces with a small
spatula. The prepared surfaces were then aged for periods ranging from
I day to 2 months at 20"C before testing for rainfastness. The 'rain-
washilg' machine was modified to collect the microcapsules that were
washed off. The collecting cylinders were replaced by a 'Sartorius' filter
apparatus, using 'Sartorius' black c€llulose nitrate filter-membranes or
Whatman No. 29 black filter papers, with the water-pump running at
full suction to cop€ with the efrux from the 'rainwashing' machine. The
microcapsules retained by the filters after washing for 30, 150 and 300
seconds were counted under magnification. Table 3 shows the percentages of
microcapsules that remained on the'rainwashed' surfaces in one experiment.

The following general picture can be drawn from these results:

Compofison of qeing efects on the stickers

(a) On glass. Wlatever the rainwashing period, microcapsules were
better retained after ageing v/ith the stickers for 4-8 weeks.

(b) On kale. Similar to glass, although 'Lutonal' did not improve when
aged.

(c) On cotton. Similar to glass, except that'Acronal 4D'deteriorated
slightly with age.'Lutonal', after initial deterioration, then improved.

Contpadson of sticket type

(a) On glass. For all periods of ageing 'Acronal 4D' was b€tter than
'Acronal 7D', which was better than 'Lutonal'.

(b) On kale. There was little diference between the 'Acronal' types,
which were b€tter than 'Lutonal'.

(c) On cotton. Similar results as for kale.

'Acronal 4D', in total the best, reached its maximum efficiency sooner
than 'Acronal 7D', especially on the leaf surfaces. Further tests with
'rainwashing' for different periods at weekly intervals up to 3 months
confrmed these conclusions.

The teting of microcaysules. The rates at which insecticides leak from
different types of microcapsules were measured by bioassay and chemical
analyses. It depends not only on the internal phase (i.e. the 'carrier' in
which the insecticide is dissolved or sorbed) and the wall material, but also
on the conditions in which the wall materials were deposited during the
encapsulation, because, among other things, these govern the porosity
of the walls. Some microcapsules wittr walls of gelatin-gum arabic plus
'Bakelite' were p€netrated readily by spenn wax (in which DDT was
dissolved), but leakage was much slower from capsules with double walls
of the same material. Humid atmospheres (ca. 801 R.H.) increased the
'leaking' rates through hardened gelatin walls. With solid internal phases,

2t7
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such as DDT sorbd on chha clay, the DDT would not be expected to
leak throngh the walls, but it did from one batch of microcapsules kept in
water. This was because the wall material contained carragheenum, which
was probably degraded by bacteria. Several tylrs of microcapsules soon
leak their contents in very humid atmospheres or in water. @hillips and
Gillham)

Poisoning of honeybees in the field. Forty-one samples of honeybees
(Apis mellifera), alleged to be poisoned, were received from the Bee
Advisory Service of the Ministry of Agriculture, Fisheries and Food, two
more than in 1968. Of the 28 that contained insecticide, 24 rcacied
positively to our test for organophosphate insecticide poisoning, three
gave inconclusive results, and one contained organochlorine compounds.
The test for organophosphate insecticide measures residual cholinesterase
and not the insecticide residues themselyes. Information supplied with
these samples suggested that seven poisonings were caused by spraying
field beans from the ground and six by spraying them from the air. Two
were from spraying rape, one spraying from the air. Two samples were
from hives in which the v/ax had become contarninated by previous
storage with dichlorvos-resin strips. One sample taken from a swarm
collected from a field gate contained both dieldrin and BHC.

The incidents where poisoning was confirmed involved an estinated
total of 220 colonies, 20 more than in 1968 and 305 fewer than in 1967.
(Needham and Stevenson)

Cotrfrmstion by mass sp€cto6ety of lte presence of organoc.hlorine resi-
dues in honeybee. Gas-liquid chromatogaphy using the electron capture
detector is very sensitive to organochlorine compounds, and is therefore
extensively used to detect small amounts of these insecticides in biological
material, such as the honeybees mentioned above. However, the presence
of a peak at the correct retention time in the gas chromatogram may not
always proye the presence of the insecticide. Monitoring the emuent from
the GLC column with a mass sp@trometer provided a very selective
detection method for dieldrin and BHC in extracts of poisoned bees aheady
examined by GLC and bioassay. The method is sensitive to 0.2 ng BHC
and 0.2 ng dieldrin per I pl injection. Continuous measurement with the
mz s spectrometer of the amount of a characteristic molecular frapent
(mle, 263 for dieldrin and 217 for BHC) produced a trac€ that could be
used for qualitative and quantitative analysis in the same way as a con-
ventional gas-liquid chromatogram. The likelihood of wrong identification
from coincident retention times is much less, b€cause the spurious mm-
pound would also have to give an equally substantial fragment in its mass
spectrum at the value chosen.

Of the bees examined, the presence of BHC or dieldrin which had been
indicated by gas chromatography was confirmed, but the test showed that
another sample with a small peak at the retention time for BHC did not
contain this insecticide. (Janes and Stevenson)

Bee pobonirg on oilse€d rape. Tests in 1967 and 1968 showed the risk
to bees of spraying oilseed rape to control polten beetles (Meligethes spp.)

2r8
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was geater with malathion or azinphos-methyl tban with endosulfan. The
relative effectiveness of azinphos-methyl and endosulfan to control pollen
beetles was tested and no significant difference found. Estimates of the
larval population suggested that the endosulfan remained active longer
than azinphos-methyl. Thus, endosulfan may be a suitable insecticide to
use against pollen beetles where honeybees are at risk.

The vacuum insect sampler (Rothamsted Repo for 1968, Part l, ft9)
was again used to estimate populations of adult and larval pollen beetles
on the rape. The comparison of effectiveness of insecticide treatments was
better by this method than one in which only adult beetles could be
counted on flower heads in the field. (Needham and Stevenson)

Apporltus rd techntlrcs

Suction samplers. Two modified suction samplers, powered by internal
combustion engines, were completed and used to sample ins€ct popula-
tions from arable crops and grassland. Their efficiency has yet to be
determined, but as their air flow and blocked load vacuum exceeds those
of the electrically olrrated samplers, it is expected to be satisfactory.
Further consideration is being given to the collecting bag and hose design
to speed the transfer ofinsects from the sampler and to lessen the damage to
trapped insects.

Method for confniq insec'ts, A new method of conf ning insects to specific
areas was developed. The apparatus consists ofa series oforbitally oscillat-
ing rings or chambers. The frequency and amplitude of the oscillations
required to contain a range ofinsects on the stationary areas, surrounded
by the rings or chamb€rs, were determined and are shown in Table 4.
Ins€cts contained over several days by this technique showed no adverse
physiological effects. It should be noted that the Plusia gammalarvae can
only be contained when the larvae are shorter than the height of the barrier
walls.

TABLE 4

Frequency in cycles per mhute required to retafu insects in a
barriet oscillathg at diferent anplitudes

Insecr species Y'ofu" 
(T-)

Myzus persica. (SDlz) 350 2m 150
Pearh porato aphid

Actttl@siphon pkun (tlanis) 250 150 100
P€a sDhid

Dtosophih,rElorbgdsret(l|,.{ci9) 3@ 2m l5O
vestigial wingEd mutatioo ofvif,eSar fly

Phaedon cochhariae (F.) 2m Im 100
mustard beetle

IasiutnigerL) 450 350 200r
Black lawn ant

Phlssia garn rn (L.\ 3m 250 150
Silver Y moth
sth-itrstar larvaa

.Aft€t bcilg coDftrcd at the high€r frEqucncy for approximaldy 5 miautcs.
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Limited observations using a linear oscillating devioe sugggsted that the
two node positions created could be faidy quickly found by some insects,
enabling them to escape at these points unless the frequency and amplitude
were considerably increased.

Liquirl metering device. A dislxnser for metering known volumes of
liquids to plants, etc., was designed. This is usually coupled to the main
water-supply system, although a portable pressurised tank can be used
when it is required to dispense nutrients or other solutions. Using this
method 50 ml doses of a liquid can be applied accurately to plants at a
rate of more than 20 doses per minute. The measured dose is applied to the
plant at a low pressure so that neither the plant nor the soil is unduly
disturbed and splash is minimal, a distinct advantage when watering in
C.T. cabinets and other confined spaces.

Gas-liqufuI control yalye. A further embodiment of the gas-liquid full
flow control valve was included when the National Research Development
Corporation completed the patent. Arangements for the manufacture
of the valve commercially are being negotiated.

Crlotry comter. The colony counter develo@ in 1968 is now in com-
mercial production and is proving valuable in industry and hospitals, in
addition to laboratories.

Rrllid outEor tEbine. The radial outflow turbine is now being fitted to
recording volumetric spore traps for use in the field and in buildings.
A separate bench-mounted model for general laboratory use is also being
manufactured. (Arnold)

Impmved silver stsinhg of imect cerhel rcryous system. Further use of
the Bodian protargol staining technique in histological studies ofthe ceotral
nervous system of the cockroach Peiplanera drnericana (Rothamsted
Report for 1968, Pafi 1, 190) showed additional factors affecting the
result. Fixation of ventral nerve cord ganglia was improved by ageing the
alcoholic Bouin fixative for at least 40 days at 60'C. Tissues shranl less
and nerve fibres stained more vigorously against a paler background than
with freshly made flxative. During impregnation of paraffin sections of
ganglia in the silver-protein protargol, increasing the metallic copper in
the solution and decreasing the pH gives a paler staining, which is more
selective for nerve fibres. Prolonging impregnation from 24 to 48 hours
weakens the stain and decreases selectivity. The intensity of the stain
depends chiefly on the amount ofunreduced (developable) silver combined
with the tissue components during impregnation; selectiyity is determined
mainly by the number and distribution of the minute particles ('nuclei')
of reduced silver also formed during impregnation. These act during
later development of the stain as catalytic c€ntres for the reduction of the
unreduced silver, which is thought to be deposited around them. Difleren-
tiation of the stain during development depends on the ratio of developing
agent, hydroquinone, to sodium sulphite. Increased sulphite gives more
differentiation, increased hydroquinone gives less. Optimum developer
composition depends on the conditions ofimpregnation, and thick sections
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need more diferentiation than thinner ones. The factors controlling the
stain interact, so that similar results can be given by different combinations
of conditions, but by suitable adjustment of the conditions the result can
be varied within a wide range, For general neuroanatomical work that
requires most nerve fibres to be stained, l0 pm sections are impregnated
with little copper (o.i-l g per 65 ml of 2% protargol solution) and differen-
tiated vigorously in developer containing l0l sodium sulphite (hydrate)
itr 0.254.51 hydroquinone; to trace individual nerve fibres, 20 pm
sections can be used with much copper (rt-5 g per 65 ml) and more moderate
difrerentiation (5-10f sulphite in ll hydroquinone). The former con-
ditions give a dark red stain, the latter a blue one. (Gregory)

Systemic insecticides

Uptake of organophoephorus insecticides from solution by wheat Calcula-
tions of the supply of organophosphorus insecticides to roots by mass flow
and diffusion (Rothamsted Report for 1967, 179) indicated that quantities
taken up by wheat when insecticides are uniformly incorporated in soil
are limited by processes in the plant and not by movement through the
soil to the roots. To test this and to learn more about absorption and
translocation of these compounds by plants, uptake of P-32 labelled
dimethoate and disulfoton by wheat from solutions was studied under
different conditions. Most results so far are with dimethoate.

Wheat was grown in nutrient solutions in controlled environment
rooms with the following conditions: temperature: day 22"C, night 17"C,
relative humidity: day 701, night 891, day lenglh: 16 hours. At the two-
leaf stage plants were transferred to solutions containing the radiolabelled
insecticides at conc€ntrations ranging from 0.1 to 30 ppm and radiotracer
activity up to l0 pC/L. These solutions were renewed every 6 days. Plants
were harvested at intervals from t hour to 28 days, separated into root and
shoot and extracted by maceration with chloroform and water. Radio-
activity in the extracts was assayed using a liquid-well G.M. tube and
Panax autoscaler. Preliminary results from the early stages of the experi-
ment indicate that uptake was approximately proportional to concentra-
tion. With a concentration similar to that in the soil solution in the previous
pot experiments (as calculated from adsorption isotherms), the uptake
by wheat from the nutrient solution was comparable to that from soil.
(Graham-Bryce and Etheridge)

Factors influercing the effectiveness of grenules of systemic insecticides
appfied to beons. Further studies on the performance of granular disul-
foton and phorate applied to field beans in controlled environment rooms
(Rothamsted Report for 1968,Part l, 191) indicated that several additional
environmental factors irfluence effectiveness. The importance of simu-
lated rain was reported last year. More detailed expriments, using the
same general metlods, showed that the precise effect of rain depends on
its frequency and intensity. Rain was applied to the plants at different
intervals in amoutrts that gave the same weekly average of 18 cm to all.
Toxicity decreased when the interval between applications was lengthened
fron one to three or more days, but did not increase significantly when
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they were morc frequent than once a day. However, when the amount in
each individual application was increased to give larger overall rates at
the same range of frequences, toxicity increased considerably. When rain
was delayed so that there was an interval ofup to 14 days between dosing
with insecticide and the start of daily rains, there was little toxic efrect until
the fiIst rain was applied. However, although toxicity persisted somewhat
longer when rain was delayed, the total effectiveness waa less than when
rain followed closely after dosing.

With daily rain, temperature changes had large effects. When tempera-
ture was 24'during the day and 19" during the night, initial toxicity was
greater than with the standard conditions (20" day, l5'nigh0, but toxicity
decreased faster so that the insecticides were less effective for most of the
experiment. At 15" during the day and 10" during the nigbt, the insecticides
were least effective and toxicities were less than the other regimes through-
out the experiment.

The commercially available 7'5% a.i. formulation of disulfoton on
pumice was usually more effective than the corresponding l0% a.i.
formulation of phorate on fullers earth. The extent to which this reflected
differences in formulation was of interest and, with the kind co-operation
ofthe manufacturers and Mr. P. W. Lloyd of Pan Britannica Industries Ltd.,
batches were prepared of each insecticide formulated on the two carriers
at both 7'5 Nnd lO% a.i. With standard conditions and daily rainfall,
the formulations on pumice were more effective than the corresponding
ones on fullers earth, and usually the 7'5Y" loadir,g was more toxic to
aphids cagpd on the plants than l0 %. However, disulfoton remained some-
what more toxic than phorate even when the formulations were identical,
so that other factors are involved.

In all exlrriments exc€pt those where rain was delayed, the general
pattern of the bioassay results was similar. Toxicity decreased steadily
during the 2 months of the tests. Differences between treatments appeared
as diferences between initial toxicities and the slopes of the toxicity-time
curves. However, the curves often overlapped and differences were not
clear cut. During the early stages of some experiments greater mortality
on untreated control plants in the controlled environment looms com-
pared with similar plants isolated from the insecticides, indicated a fumi-
gant efrect, but this was not consist€nt. The questions raised by these results
are being examined further by investigating the behaviour of granules
and uptake by plants in more detail, and whether the results obtained in
the controlled enviroDment rooms apply to field conditions vrill be tested
by field experiments. (Graham-Bryce, Stevenson and Etheridge)

ABllrticel wo*
Polrrography of organoPhoqlorus insecticides. Previous studies (Rori-
amsted Report for 1968, Pa;n l, 192) indicated that the polarographic
response for disulfoton and phorate was due to substituted thiols formed
by hydrolysis in the support electrolyte. Measurements with demeton
using the C.R.O. polarograph confrmed this and gave information about
the electrode process.
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As witl disulfoton and phorate, pea.k heights for derneton-S in 2)(
tetraethyl a.mmonium hydroxide increased rapidly during the first few
hours after preparing solutions and then decreased slowly over a period
of days. The solutions were extracted with hexane at intervals correspond-
ing to the polarograph readings and analysis of the extracts by GLC
showed that the decrease in concentration ol the original compounds
due to hydrolysis coincided lvith the initial increase in polarograph read-
ings. Demeton-S giyes the same peak potential as disulfoton (-0'74V vs

S.C.E.). This supports the suggestion that the thiol is the polarographically
active compound because disulfoton and demeton-S give the same hydro-
lysis product (HS CHzCHzS Et). Comparison ofthe behaviour ofdemeton-
S, disulfoton and a sample of tijs thiol synthesised by an independent
route further confrmed that the thiol is responsible for the polarographic
actiyity. Hence, previously reported differences in polarographic sensitivity
for freshly made up solutions of demeton-S, disulfoton, phorate and
related compounds may be attributed to differences in rates of hydrolysis.
Peaks given by demeton-O were indistinct and unsatisfactory for analysis.
This provides additional evidence that hydrolysis to SH-containing com-
pounds is necessary for polarographic activity.

Although all solutions that gave satisfactory polarograms with the
C.R.O. polarograph also gave clear peaks with the Cambridge Univector
A.C. instrument, significant waves were not found when solutions of
disulfoton were investigated over a wide range of pH, using conventional
D.C. polarography, by Mr. R. Jee of Imperial College. This suggests
that the electrode reaction does not involve simple reduction. HoweYer,
peak currents with the C.R.O. instrument were similar to those of con-
ventional reductions at comparable concentrations and therefore do not
suggest catalytic processes. Electrocapillary curves for HS CHsCHzS Et
were therefore measured to giye more information about the electrode
process. The thiol caused a signiflcant flattening of the electrocapillary
curve for N/100 KOH characteristic of adsorption until the peak potential
was reached. It is therefore concluded that the electrode process involves
adsorption/desorption at the mercury drop. (Graham-Bryce)

Con&ol of aphirls and virus iliseases of peas anil lucerne. Collaborative
work on this problem is described in the report of the Entomology Depart-
ment. (Etheridge)

Control of aphirls on fiekl beans in relation to todcity to b€€s anrl the growth
a l yield of tie crop. Collaborative work on these problems is described
in the work of the Entomology Department. (Steyenson)

Comparison of the biology of r€sist rt a l susceptible aphils. Apterous
Myzus persicae resistant to dimethoate reproduce for the same length of time
as susc€ptible aphids, but tle resistant ones reproduce significantly faster
during the first ten days of adult life (especially during the fust five days).
Thereafter they reproduce more slowly, so that eventually the susceptible
adults produce approximately the same number of larvae. Resistant
aphids die signifcantly earlier.
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larvae of resistant aphids develop faster than larvae of susceptible
ones and are significantly heavier when they frst become adult.

The resistant aphids do not excrete faster during the fust four days of
adult life but as they produce more larvae during the flrst ten days of adult
life and have developed faster, they probably fed faster during develop-
ment and early adult life or have obtained more nutritious food.

Resistant aphids were at least as effective as susceptible ones in trans-
mitting sugar-beet mosaic and pea mosaic viruses. Indeed, the results
seem to suggest tlat plants showed symptoms sooner when resistant
aphids were the vectors. (Banks)

Irs€ct reariry. The following species were reared:

PLANT FIEDERS

Homoptera Aphis labae (*jp.)
Myzus persicae (Sulz.\

aud a dichlorvos/dimethoate resistant strain
Megouru yiciqe B\ckt.

Hemiptera DysdercusintemediusDistalt

ColeopteB Phaedoncochleoriae(F.)
Rhyachophorus palmarum (L-)

Orthoptera

Irpidoptera
Coleoptera

Diptera

OnfRs
Blaberus discoidalis (L-\
Periplqne ta arnericqna (L.')

Pieris bratsicae (L.\
Tr ib o I ium c as t qne u m (Herbst.\
Tribolium confusum l. d\Y.
Trog odenna g runaium EYetts
D r o sop hi I o nE I snog a s t e r (Merg.)

StraiDs- Normal
Vestigial wings
Ebony bodied, brown eyed
White eyed

Musco domestico L.
Strains. ac,' ar: bwb; ocra SRs-fully susceptible to

DDT, dieldria and organophosphorus insec-
ticides

SKA--diazinon s€lected, very resistant to
many organophosphorus insecticides

A number of strains derived from SKA, each
with one or more factors of resistance to
organophosphorus insecticides, DDT or
dieldrin

NPR-pyrethrum extract selected, very resist-
ant to pyrethroid ins€cticides

104-5B3FC s€l€cted, very resistant to 5B3FC
ac; ar; bwb; oqa--<alled 608Q, fully suscepti-

ble to pyrothroid ins€cticidcs, to pyrethrum
knockdown and to carbamatos

A c ro my r np x o c, o sp ino sus (keich)
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DisEibution end retention of liquirl seed dressitrgs. A small survey in
1967 of seeds dressed with liquid preparations of insecticides suggested
that neither the average loading nor the distribution of insecticide on
seeds was as required (set. Rothomsted Repor, /or 1967,p. l8l). In a larger
survey now completed, 14 merchants sent either three or six samples
taken at various stages of the dressing process, and some taken on wet
and others on dry days. The insecticides were 1BHC, aldrin or chlor-
fenvinphos, applied by two types of machinery. Each sample was assayed
for the average loading, and single seeds from each sample were assayed
to find the range of distribution. The difrerences between samples from
the b€giDning, middle and end of runs showed no regular pattern but
samples from the same merchants varied less than between diflerent
merchants. Weather had no detectable effect on the se€d loading.

Two merchants obtained average loadings near the desired amount:
116 and, ll0l of the theoretical loading of 7BHC. Of the remainder
treated with pBHC-one had about 7570, ttuee 5M0% and thee
4M5% of the desired loading. With aldrin, only one merchant obtained
an average amount that excreded 701 of the desired loading and the
averages from the other five merchants ranged from 20 to @o/". Only
one merchant sent samples treated with chlorfenvinphos, and the average
loading was 601 of the desired.

Single seed erelysis. Up to 100 single seeds were analysed from each
merchant's series of samples. Difrerences of distribution patterns between
merchants using the same insecticide and process (Methods I or 2) were
very small. The range attained with the four most common combinations
of process and insecticides, as obtained by all the merchants using them,
were as follows:

Mettod I: yBflC. The average loading, calculated from the bulk assays
was 8l f of the target. Approximately three-fifths of the individual seeds
had less than half the target dose, which was 12.5 p.g per seed, about
one-fortieth had doses of several hundred pg per seed and about one-sixth
were close to the target dose.

Me od 1: Al&in. The average loading, calculated from the bulk
assays was 4Ol of lhe target. Approximately four-flfths of the seed had
less than half the target dose of 37 pg/seed. One-tenth had doses of several
hundred pglseed and the remaining one-tenth were about right.

Methotl 2: y-BEC, The average loading, calculated from the bulk
assays \vas 5l% of lhe l^rget. Just under half the individual seeds had less
than half the target dose, which was 10 pg/seed, a few had doses of up to
240 pglsed and about half were close to the target dose.

Method 2: Aklrin, The target dose was 30 pg/seed, and approximately
twothirds of the individual seeds had less than half this, there was a
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fairly large spread around the target and a few seeds had doses of over
100 pg/seed. The average loading taken from bulk analyses was 60f of
the target.

Clearly there are large average differences in the efficiency wirh which
aldrin, rBHC liquid seed dressings are applied. Although two merchants
using the same insecticide and method of application obtained aYerage

dressings near to the dested dose, analyses on single seeds show that the
distribution is poor; a small proportion of seeds received large doses, and
a proportion, one-tenth to about three-fifths received a dose near the
target, and the rest had less, usually much less, than the target. Neither
method is therefore uniformly satisfactory at present. (Jeffs with Mr R'
Tuppen, Ministry of Agriculture, Fisheries and Food, Plant Pathology
Laboratory)

Assay of mercury on single seeds arl obeenatiom on dishibution of insecti-
cirle and fugicide on seeds treated wi& liquid formulatiols Because

the amounts of insecticide on commercially dressed seed were not those
intended, some measurements were made with fungicides. A method of
measuring mercury on individual ctreal (wheat) se€ds treated with fungi
cides was devised in collaboration with G. Brown and R. Harden (Pedology
Department). Seeds were pressed flat on to a support (filter paper) after
initial softening with water or dilute ammonia solution, and the mercury
content measured by X-ray spechophotometry. After the mercury was

assayed, the insecticide on the same seeds was extracted and measured
chemically (by the method ofJefls, Lord & Tuppen, "/. Sci. Fd Agric. (1968),

19, 195).
The method was used to measure the amount of insecticide and mercury

(fungicide) on individual seeds in samples taken at three stages-the begin-
ning, middle and end of runs of two types of seed dressing machinery
that apply the fungicide and insecticide at the same time, but from difrerent
sources. The fungicide was either methyl mercury dicyandiamide (Method
l) or phenyl mercury ac€tate (Method 2).

The amount of mercury on most individual seeds ranged between one-
third and three times the average on a mass of seeds, but between 5 and
l0l of the seeds carried at least four times the averags amouot. The
distribution of mercury on individual seeds was similar irrespoctive of the
stage of dressing procedure in each of two tests with two typs of machinery
(four tests in all). Within each test, the average amount of mercury on
seeds varied but it was not related to the stage of the operation.

Ins€cticide and fungicide were distributed between seeds similarly (see

Jefls, Lord & Tupper, J. Sci. Fd Agric. (1968), 19, 195, already reported for
insecticide), although the range of doses on individual seeds was usually
greater with insecticides than with fungicides, and the relative amounts of
each on individual seeds were not closely related. Thus an individual seed

with a little fungicide is almost as likely to carry a lot as a little insecticide'
In the four tests, the average amount of mercury on seeds \vas between
one-fifth and one-tenth that expected and the amount of insecticide was
less than half in two tests and more than two-thirds the expected amount
in the other two tests. (LoO
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Biological efrciency of secd rlreqsrngr
ogrinst Wheat-Bulb fly Leptohylemyia coorctstq (Fall,)

y-BHC rd Work continued on how known amounts
of 7-BHC atrect growth of Cappelle winter wheat and to what extent they
protect young plants from attack by larvae of Wheat Bulb fly. Seeds were
dressed with powder containing rBHC and fungicide combined, instead of
as before with liquid organomercury fungicide and powder 2BHC. Seed
dressings containing mercury and the organophosphorus insecticides
chlorfenvinphos or ethion were also included on one trial site. The main
conclusions from the complete series of trials are: (l) Powder dressing
containing ethion aDd mercury adhered better to the seeds than the
other dressings which, when dressed in the laboratory, had ooly about
80% of the intended amount of insecticide. (2) Seeds treated with all the
powders lost some insecticide during handling and drilling. Those treated
with 7-BHC powders and sown with a'Bast Seed Drill' had only 50-501
of the intended amount ofinsecticide as they entered the ground. (3) Small
amounts of ins€cticide, < l0 pg/seed of 7-BHC or < 15 pg/seed of the
organophosphates, did not protect plants from insect attack, Increasing
amounts successively decreased the percentage shoots damaged and the
percentage plants with live larvae, but greater amounts of the organo-
phosphorus insecticides, espocially ethion, were needed to give the same
protection as by 7BHC. (4) In the peaty loams and sandy clay loams, no
seed treatments damaged seedlings, and the best plant stands arose from
seeds treated with the largest amounts of insecticide tested, approximately
50 pgiseed ofyBHC, 70 pg/seed cblorfenvinphos and 120 pglseed ethion.
But in two sandy loams, germination of seeds was badly affected by treat-
ment with liquid fungicide and powder 1BHC so that, despite the protec-
tion the dressings gave against insect attack, most dosages tested were
harmful. (Grifrths and Scott)

Seed tlresSry of experimeutrl comlbuds. Organochlorines, phosphates
and carbamates are the main classes of insecticide that have been tested
against Wheat Bulb fly, and less stable insecticides have rarely been tried.
However insecticides that are very toxic to Diptera are worth testing,
especially when formulated to give slow release. Seed dressings were made
of two synthetic pyretbroids, compound A (5-benzyl-3-furylmethyl
(f )-crs+rars+hrysanthemate) (:NRDC 104) and compound B (5-benzyl-
3-furylnethyl 2,2,3,3-tetramethyl cyclopropane carboxylate), using 5f
{w antioxidant (2,54i-tert butylquinol) and either talc as an absorbent
or pollvinyl acetate, as a slow-release absorbent. The talc dressings were
stuck to seeds with methyl cellulose. Seeds treated with both pyrethroids
were sown out-of-doors in boxes of soil to which Wheat Bulb fly eggs were
added later, and seeds treated with compound A were sown in a field
containing 3 million eggs/acre (7'5 million eggsAa) in the East Midlands
Region. Counts of damaged plants in spring showed that neither formula-
tion of the pyrethroids protected plants from insect attack in the boxes
but that the talc formulation of compound A at 1f a.i. to weight ofseeds
significantly decreased the number of shoots damaged by Wheat Bulb fly
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larvae in the field. The discrepancy between box and field results needs
investigation and further tests will be made with NRDC 104 and several
analogues. (Grifrths and ftott)

Fugicides

Tests of fungicides to control blight (caused by Phytophthora infestans)
on potato haulrns, common scab (caused by Streptomyces scabies) on
potato tubers, and cereal take-all (caused by ophiobolus graminis) coIJ'
tinued. Many of the materials were kindly given by the maken; 'M2452'
is the Dow Chemical Company's code number for 0,Gdiethyl phthalimido-
phosphonothioate, and'N-Serve' their name for 2-clrloro-G(trichloro-
methyllpyridine.

Irborrtory t€sts

Potsttludm bfight. Organo-tin compounds were tested, as aqueous
saponin suqrnsions, for possible control of potato blight. In most tests
('lday'tests), detached potato leaflets were sprayed, 'rainwashed' and
inoculated with zoospore suslxnsions the next day, and then incubated
for a further week for the lesions to develop. In some tests ('2{ay' tests),
inoculation was done the day after 'rainwashing', i.e. 2 days after spraying;
these tests imitated field conditions slightly better than the 'lday' tests.
In all tests, fentin ac€tate was used as standard for comparison.

Although diphenyltin dichloride is quite a good fungicide (Rothamsted
Report for 1968, Part l, 197), the following other diaryltin compounds
were inactive: diphenyltin di(thiophenoxide), dibenzyltin dichloride,
diacetate and other dicarboxylates.

Table 5 shows results with some triphenyltin compounds. Triphenyltin
thiophenoxide and ,4.chlorothiophenoxide were as effective as fentin
acetate, but not sigffcantly more so. The relative effectiveness of the
sulphide, but not of the thiophenoxide, was significantly increased
(P < 0'01) by changing from'l-day'to '2-day'tests, i.e. by making the
conditions slightly closer to those in a field trial. It is not possible to go
much further in this direction in laboratory tests on detached leaflets;
however, field trials of the sulphide are being continued.

TABLE 5

Relative efectiveness of organo-tin compounds

for control of P. infestans

&?tx'ffif:mr
itr

Crmpound 'l-day' tests '2{aY'tests
Bis(tdphenyltin) sulphide 8 30
Triphenyltin thiophenoxide ll5 ll2
Triphenyltinp-chlolothiophenoxide 74

Potato cornnon scaL Potato plants can be grown in pots in the glass-
house or growth room throughout most of the year under the conditions
needed for severe infection of tubers from soil by common scab; possible
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scab-control chemicals can thus be assessed, in about 8-10 week, by
adding suitable amounts to the soil- Damage to plants, and efects on
yield, can also be estimated. Results agree closely with those from field
trials.

Quintozene, which is now suspected of being carcinogenic, was used as
a standard for comparison. In all glasshouse tests it controlled scab very
effectively (P - 0'001), and we assume that no chemical has any chance
of succcss in practice unless it is at least as effectiye as quintozene.

The following chemicals either failed to control scab (P:0'05), or
damaged the plants, or both, at 50 ppm or at the rates shown: benquinox,
bis(triphenyltin) sulphide, captan, carboxin (at 20 ppm), dibutyltin di-
acetate, dichlofluanid, dichlone, dimethirimol, dodine, Dow'M2452',
drazoxolon, fentin acetate, folpet, glyodin (2-heptadecyl-2-imidazoline
acetate), 'N-Serve' (at 12 ppm), oxycarboxin (at 20 ppm), pentacbloro-
aniline, quinazamid, quinomethionate, sultropen,'Thiabendazole' (2{4
thiazotyl)benzimidazole), thiram, triamiphos and zineb. The following
chemicals gave significant control (P : 0'05), but could hardly compare
with quintozene : benomyl, chloroneb, dicloran, maneb, l-phenylthio-
semicarbazide and tetrachloroisophthalonitrile. Table 6 shows results,
from tbree separate tests, with quintozene, captafol and tecnazene, all of
which controlled scab at P < 0'001.

TABLE 6

Scab indices (BMS scale\ on glasshouse-grown Majestic

Treatment,soppm 1 2 3

Nil 22 t8 32
Quintozetre 4 I 5Captafol 2 |Tccnazeoe 4
I,sD (P : o.ml) 1r r l 15

Field Eirls
Potalthtuln blight. The 1968 trial at Rothamsted was repeated,

with minor changes. However, there was no blight attack in the unusually
dry summer, and no useful information was gained.

Potato corrrmon scab. A trial at Woburn with the variety Maris Piper
tested the control of common scab by soil-treatments before planting.
'N-Serve', al 2/. of the N in the fertiliser (ammonium sulphate), was
broadcast at 3 lb/acre, and the other chemicals as dusts 

^t 
70lb a.i.lacre,

on 18 April; all plots were rotavated within t hour of application, and
potatoes were planted the same day. Scab indices @MS scale) were
calculated at harvest from samples of 50 tubers per plot (Table 7).

The dry summer favoured a more severe attack of scab than in 1968.

Quintozene, used at 70 lb/acre, was less efrective than in 1968, when it
was used at 150 lb/acre; it clearly decreased scab, but did not increase
yield, as it did in 1968. 'N-Serve' decreased both yield and percentage of
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TABLE 7
Efect of soil-lreatments on lield old incidence

of potato common scab (BMS scale\
Total tubqs,

Treatment tons/a6e

Quintoze0e 19.3
Folpet l9'9
Thiram 19.8
Zitleb 19.4
'N-S€rve' 16.6
Nil r8.7
rsD(P: 0.05) 1.8
I-SD (P : 0.01)

Sc.b
% warc index

97.3 19
%.8 34.9 3997.3 34
9s-2 3697.O 31

t-2 7
1.7 9

ware, without affecting scab. The increase in scab from treatment with
thiram, which was also found in glasshouse tests, is unexplained.
(Mclntosh)

Ceteal take-all. In a field trial, the systemic fungicides benomyl,
Dow 'M2452' and. oxycarboxin failed to affect take-all, but there was some
control ofeyespot by benomyl. Details are given in the report of the Plant
Pathology Department. (Mclntosh, with Prew, Plant Pathology Depart-
ment)

Staff anrl visiting workers

D. H. Calam left and was replaced by A. R. Greenway. A. Mudd was
appointed to work on behalf of the Ministry of Overseas Development.
C. Potter attended the F.A.O. Symposium in Rome on Insect Resistance
to Insecticides where he read a paper. At the request of the Indian Govern-
ment, he spent a month in India to advise on the ways and means of
increasing pyrethrum production in that country. During 1969, M. Elliott
worked with the Toxicology Group of Professor J. E. Casida, in the
Division of Entomology, University of Califomia, Berkeley, U.S.A. Mr.
Srinivasan from Madras University visited the department to learn tech-
niques of assessment of fungicidal action.
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