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INSECTICIDES AND FUNGICIDES
DEPARTMENT

C. Porrrn
1\(. J. Way, a valued member oI the department Ior seventeen

years, left to become Reader in Applied Entomologv at the
Imperial College of Science and Technology. F. T. Phillips was
appointed to replace J. Ward for work on problems of interest to
the Colonial Pesticides Research Committee. The Societv for
Analy'tical Chemistry has awarded a fellowship to Dr. J. H. Stiven-
son to work in the department on techriques of microbioassay of
residues of insecticides, particularly in plant material. C. Poiter,
accompanied by B. M. Church (Statistics Department), went to
Ken5za to investigate methods o{ sampling pyrethrum flowers.
P. E. Burt, C. Potter, M. J. Way and R. Bardner attended the
XIth Intemational Congress of Entomology in Yienna, aJter which
M. J. Way visited European laboratories working on insecticides.

By invitation, M. Elliott lectured in Paris on the " Molecular
Distillation of the Pyrethrins ' to the Comiti Fransa.is pour I'Etude
des Applications dei Pyrdthrines.

INSECTICIDES

The action of olgenoPhoslhorus insecticiles
Inhibit'ion of cholinesterase from Blatella germanica (2.). A

preparation of cholinesterase firom B. germanica was strongly in-
hibited by " Para-oxon " (OO, dtethyl-O-!-nitrophenyl phosphate),
physostigmine and "Sevin" (l-naphthyl-N-methyl carbamate).
The degree of inhibition does not depend on the concentration of the
substrate. Both carbamates (physostigmine and " Sevin ") in-
hibited in the presence of substrate, but higher concentrations were
needed than when carbamate and enz)rme were briefly incubated
belore the substrate was added. The inhibition does not appear
to be progressive, either in the presence or absence of substiate.
The results cannot readily be explained, but the presence in the
cholinesterase preparation of an enz,ryne decomposing carbamates
would provide an explanation.

Tests made with " Pararcxon " a-nd physostigmine confirm that
phenyl acetate, phenyl propionate alld triacetin are all hydrolysed
bv cholinesterase and not by another esterase. (Lord.)

The mode oJ aclion oI oryanophosfhorus inseclicides on housefies
(Musca domestica l). Previous histochemicd work shoned ihat
treatment with diazinon (OOdiethyl O-(2-isopropyl-&methyl-4
pyrimidyl) phosphorothioate) inhibited cholinesterase locally in the
thoracic ganglion of. M . domeslics while the brain was less aflected.
Improved techniques have now shown that, after minirnum lethal
doses, there is an inhibition in the brain which is usually confined
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to the suboesophageal and other motor centres. Inhibition is
usually greater in afiected than in unafiected flies.

The selective early inhibition of the cholinesterase of the suboeso-
phageal gangtion and the thoracic ganglion, which together control
locomotor activity, may account for the poison symptoms of
hyperactivity fotlowed by paralysis and twitching of the limbs.

Examining flies at difierent times alter applying the poison
showed that there was often considerable inhibition in samples taken
imnediately after application, whereas sy,rnptoms of poisoning did
not occur until at least l0-I5 minutes afterwar&. This examina-
tion also provided evidence that the enzme was being reactivated
ir uioo. Examination of moribund and dead insects shou'ed that in
some individuals there was considerable cholinesterase activity in
the ganglia, in others there was very little, indicating that there is
not a stiict correlation between toxicity and degree of inhibition of
cholinesterase at these sites. (Molloy.)

Some experiments were done to find whether the apparent reversi-
bility of inhibition of cholinesterase by diazinon ir uizo also occurred
in oilro. The oxygen analogue (" oxydiazinon ") of diazinon
(diethyl 2-isopropyl4methyl-Gpyrimidyl phosphonate) rvas used
because this is the likely inhibitor produced from diazinon in dro,
but no indication of reversibility was found. With 5 x 10 7 M-
" oxydiazinon ' inhibition increased progressively with time, even
in the presence of substrate, and when cholinesterase from fly heads
was incubated for 30 minutes with l0-? Mj'oxydiazinon " it was
completely inhibited. (Lord and Molloy.)

Resislance to organophosfhorus cunpounds in housefies. Histo-
chemical examination of resistant and susceptible strains of M.
d.onestica using pure diazinon confrrmed that cholinesterase of the
thoracic ganglion was considerably inhibited in the susceptible flies
but not in the resistant flies 40 minutes alter applying a discrimina-
tive dose, i.e., a dose that killed the susceptible but not the resistant.
With a higher dose both strains showed inhibition. With a dose
giving approximately l00o/o kill, the enzyme was reactivated in oitto
i; boah strains 24 hours a(ter application. In the susceptible flies a
larger dose inhibited irreversibly. (Molloy.)-Van Asperen and Oppenoorth (Ent. exf. & appl.2 (1959), 48)
reported that their strains of resistart flies showed a lower aliesterase
activity than their susceptible flies. The rate ethyl butyrate Yas
hydrotised by extracts of our resistant strains was between f and I
that of our susceptible strains, wbereas the ratios obtained by the
Dutch workers were b€tween I and !. (Lord.)

To examine the mechanism of inheritance of resistance and to
obtain homogeneous material for biochemical studies work was con-
tinued on the breeding of housefly strains highly resistant to orgaro-
phosphorus compounds. The stock strains of M. dotneslica (Sacca
ielecied and unselected, Keiding 203a selected =203aA and un-
selected, the susceptible Dutch stnin NH and a strain resulting from
the cross Sacca x 203a) all maintained their resistance levels during
the year. In an attempt to decide whether diazinon resistance in
the Keiding stra.in is polygenic or due to a single intermediate gene,

the distribution of resistance in the population o{ Keiding 203aA
and the susceptible NH strain and cross€s and back crosses oI these
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two strains was determined by a repeated dose technique. The NH
strain was fairly homogeneous, but individuals from the 203aA
strain difiered widely in their resistance, the more susceptible in-
dividuals being as susceptible as those from the NH strain. The
results from the crossing experiments showed neither the continuous
variation characteristic of polygenic inheritance nor clear-cut
segregation characteristic of a monogenic Iactor.

Selection was then started to obtain more homogeneous material
from the resistant 203aA strain, both for use in biochemical work
and to repeat the experiment on the mechanism of inheritance.
Flies were taken from the mass culture of 203aA and given a dose
producing about 80% kill. Thirty-five single-pair matings were
set up Irom the survivors. Samples oI the offspring of each pair
that produced enough ofispring were tested for resistance to dia-
zinon. The sibs of Iour of these groups oI ofispring which showed
most homogeneity for resistance were made up into single pa.irs,
seven or eight from each group. The otlspring of these were tested,
and those showing too much heterogeneity were discarded; sibs of
the remainder were kept for breeding. This was repeated each
generation. Now, after eleven generations, there are seven strains
of flies derived from the Keiding 203aA, all showing high resistance
and a much treater degree of homogeneity. It is proposed to do
similar selective breeding of the susceptible NH strain to obtain a
homogeneous more susceptible strain and then repeat the experi-
ments on the mechanism of inheritance of diazinon resistance using
these " purified " strains. In the meantime the selected resistant
strains can be used for biochemical work. (Kruggel and Piall.)

Esterases in aggs o/ Pieris brassicae Z. The object of the work
is to detect as many of the esterases as possible in the eggs of P.
brassicae, to isolate them and study their properties, particularly
their inhibition by organophosphorus compounds.

Esterase actility was measured using as substratcs the phenyl
and triglyceryl esters of acetic, z-propionic, z-butyric and z-caproic
acids and acetyl choline chloride, acetyl p-methyl choline chloride,
propionyl choline percblorate, butgyl choline lxrchlorate and
benzoyl choline chloride.

Crude breis of 0-10-hour-old eggs hytlrolysed the phenyl and
triglyceryl esters but not the choline esters. Crude breis of 5-day-
old eggs hydrolysed all the substrates.

Crude breis were placed on polyurethane sponge and subjected
to electrophoresis at pH 7.1, p : 0.05. The sponge x'as divided into
30 sections. Using both 0-10-hour- and 5iay-old eggs, the pro-
cedure concentrated the protein and nucleic acid, as well as the
esterase activity, into three peaks, but all the enzymes moved as a
group and there was no separation oI enz].mes. Difierences in
movement producing the three peaks could be caused by absorption
on difierent " inert " materials or by the presence of isozymes.
(Solty.)

Ot:icidal action of organolhasfhorus corn?ounds. When organo-
phosphorus compounds are applied in doses just sufficient to kill, the
embryo develops fully before death occurs; with heavier doses
embryonic development is incomplete. The toic mechanism that
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kills but allows full embryonic development may dif{er from that
where death occurs earlier. The temperature coeflicient of toxicity
of TEPP to eggs of Pieris brassicqe was studied, first at lethal doses
permitting full development, arrd secondly, at dosages that prevented
development. Difierence in temperature (f5" and 25') had little
effect on the concentrations required to prevent hatching with full
development, but at higher temperatures more TEPP is required
to prevent development than at lower temperatures. The toxicity
of " Para-oxon " depends less on temperatue. The difierence in the
effect of temperature on the toxicity of TEPP at the difierent dose
levels supports the hypotheses that more than one toxic mechanism
may be involved. (Lord and Molloy.)

Further evidence was obtained on the significance of inhibition
of esterase systems as a cause of death oI the egg of PrTis btassicae
by TEPP and " Para-oxon " poisoning. Ner-laid eggs, treated
lnith a dose of TEPP just sufrcient to prevent hatch, were kept at
15'and examined for esterase activity after 7-8 days, i.e., when they
were due to hatch. Hydrolysis of acetyl choline or phenyl acetate
was only slightly inhibited. Tests on homogenates of mixtures of
treated and untreated eggs indicated that no free poison remained
at the time of examination.

When the experiments were repeated with " Para-oxon " eDzyfie
activity was decreased more, but the tests on homogenates of mix-
tures oI treated and uatreated eggs indicated that with this more
stable chemical there were contaminating residues which caused
inhibition when the eggs were ground up. The technique of using
excess substrate was tried to overcome the difficultv of contamina-
tion, but it failed. The results with TEPP provide iurther evidence
that, if death is caused by inhibition of either cholinesterase or
aliesterase, the inhibition is local and not general. (Lord, Solly and
Potter.)

E I ecb o! hy si olo gi c atr tce hni qu e s

Several electrophysiological techniques were investigated to see
whether they can be used to obtain information on the mode of
action of pyrethrins. It is desired to experiment with sepante
nerve units of an insect whose response to p],rethrins has already been
widely studied. Potentials have been recorded from the stimulated
labellar hairs of Musca dottestica, a preparation which has the desired
properties. (Burt.)

Pich-up ard lenebation oJ d,iel<bin Jrom rcsidual fb*s
The persistent chlorinated hydrocarbon insecticides are often

used to control insect pests by residual films of poison which kill
insects coming into contact with them. Little is known of the
mechanics of poisoning in this way, so the present work is designed
to study the pick-up, ilistribution and penetration of the poison,
and the relationship between the amount picked up and penetrating
and the toxicity to the insect.

Ad:ult Tenebrio ,nolitor L. were placed on films of cliel&in
labelled with radioactive s6Cl, made by evaporating the solvent
from 4 ml. of aqueous suspension of dieldrin in 100-ml. wide-necked
conical flasks. AJter a given exposure time, the insects were re-
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moved to clean containers and were subsequently analysed, by
scintillation counting, for radioactive dieldrin outside and inside the
body. The amount o{ poison left by the insects on the container
was also estimated.

Two experiments *'ere done on the relationship between the
amount picked up and penetrating and the toxicity to the insect.
In the first the insects were exposed lor 2 hours to a dose of 500 y
per 33.2 sq. cm. and were kept during exposure and aftenvards at
25'. After 30 hours all the trsects were either moribund or dead.
The mean pick-up was 5.5 y per individual, the moribund insects
averaging rather less (4'{ y) than the dead insects (6.9 7). There
was a mean of 0.5 y outside and 3.9 y inside the moribund insects
and l.I y outside and 5.8 y inside the dead insects.

In the second experiment, a shorter exposure time of 30 rninutes
wa.s used, the conditions being otherwise the same. Because of the
shorter exposure time, less poison was picked up and the insects took
longer to die; a mortality ol 22o/o wa-s recorded after 2 days and
84o/o attet 4 days. The mean pick-up per individual of the insects
dead after 2 days was 2.7 y (0.2 7 outside and 2.5 y inside). A
random sample of the insects alive on tbe 2nd day showed a mean
individual pick-up of 2.6 y (0'2 y outside and 2'4 y inside). An
examination of the individuals dead after 4 days showed a mean
individual pick-up ot 1.7 y with 0'l y on the outside and l'6 y on the
inside. The insects still alive after 4 days had picked up a mean
of I.l y per individual (0.1 y outside and 1.0 7 inside). The results
give some information on the actual dose of dieldrin picked up lrom
the film that will kill in a given time, and indicate that the rate at
which the insects die is correlated with the amount they pick up from
the filrn-

A third experiment gave some information on the initial rate of
pnetration into the insect and the amount of poison left by the
insects on the couta.iner. Nine batches of l5 insects were exposed for
30 minutes to a deposit of l0O y per 33'2 sq. cm. at 25', removed
to clean containers and kept at 25' until assessing.

Tenrr I
Penetratrion of rud.ioactive diellin into adula

Tenebrio molitor L
Time
alter

placing
on 61m
(min.)

30
90

150

Table I shows that I of the dose picked up had penetrated at the
time the insects were removed Irom the fiIm, ! had penetrated alter
I I honrs and I $ter 2\ hours. Approximately fi oI the total dose
\Yas lost to the container.

The 36Cl- dieldrin was not active enough to enable individual
insects to be examined. More active laC labelled dieldrin has now
been obtained through the courtesy of Shell Chemicals, so that this

No. of
ilsects

45
45
45

Dieldrin Dieldrin on Dieldritr Totel
lost to surface of penetrated dieldrin oo

container itrsect inside insect and in insccts
(/itrdividual) (/individual) (7/iDdividual) (y/individual)

o 0.30 0.08 0.36
o.03 0.20 0.lr o.3l
0.04 0.r2 0.24 0.36
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work may be extended and individual insects examined for the pick-
up, distribution and penetration of the poison. (Rey.)

Pyrethrins and d,ated, con iounds
Chanaclerisation ol cinerins I and II as 2 : 4-dinibopheryl-

hyd.razones. In addition to the pyrethrins I and II, the ainerins
have now been characterised as 2 : 4-dinitrophenylhydrazones.
Identical derivatives were Iormed from cinerins obtained by dis-
placement chromatography of p)rrethrum extract and by reconstitu-
tion from the alcoholic and acid components. This is further evi-
dence that structure does not change during the reconstitution pro-
cedure. (Elliott and Thain.)

Infra-rd spectra oJ ,hp corn|onents oJ pyrcthrum extract- The
infra-red spectra of p1'rethrins I and II, oI tinerins I and II, of the
alcohols and acids constituting these esters and of other constituents
of py'rethrum extract, were recorded to assist their identification.
(Elliott.)

The nols of pyrethrolozr. The structures of the enols of p)rethro-
lone, compounds formed when p]rrethrolone is boiled with mithanolic
sodium methoxide, were determined. The lower boiling enol is a
cyclopentenedione in which the double bond nearer: the ring in the
diene side chain has been saturated. The higher-boiling enol is a
cyclopentane-l :3-dione. Both types of compounds are of con-
siderablechemicalinterest. (Elliott.)

Synthesis of qtcl.o?enlenediones. A slmthesis of cyclopentene-
diones by oxidation of cyclopentenolones with manganese dioxide
in chloroform has been developed. Many cyclopentenolones are
available by synthesis, so this route can be used to make a variety
of 2 :3dsubstituted cyrclopentenediones. (Elliott and Jefis.)

Toxicity to housefies (Musca domestica l,.) of the Jour actioe con-
sl,itumls of pyrethrum extracl. Eafner work on the insecticidal
activity of the four active constituents of pvrethrum extract used
alote (Rel. Rotharnst. er?. Sta. tor 1959, pp. l2l 122) was followed
by a study of their insecticidal activity when s5mergised, oI their
knockdos'n activity and their full toxicity cun.es, including knock-
down recovery and death. The slmergistic factors of the four con-
stituents and their order of relative insecticidal activitv were
determined over the ratios O.l : l, 0.5: l. {: l, 8: I and 20: I
synergist : active constituent, using piperonyl butoxide as sl,nergist,
acetone as solvent, a measured drop technique and 5-6-day-old flies.
tsoth the synerBistic factor lantilog of (log LD50 pure conatituent -log LD50 synergised constituent)] and the relative insecticidal activi-
ties of the sy'nergised constituents fantilog of (log LD50 of slmer-
gised pgethmm extract - log LDSO of synergised active conititu-
ent) I vary with the ratio of s,'nergist to active constituent. At the
ratio of 8 : I the slmergistic factors oI the extract and its Iour actir.e
constituents were: pyrethrum extract, I2.0; pyrethrin l, I5.0;
plrethrin II, 6.0, cinerin l, 26.0; cinerin II, l4{. The relative
insecticidal activities of the qrnergised materials at this ratio were:
py'rethrum extract, 1.0 (1.0); plrethrin I, 1.3 (1.0); pyretbrin II,
0.9 (l.a); cinerin I, l'3 (0.5): cinerin II, 0.6 (0'6). The figures in
brackets show the relative toxicities of the four constituents without
synergist.
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These results show that the relative insecticidal activity of the
constituents alone difiers from their relative insecticidal activity
in the presence oI syrrergist, because the sl,nergistic factors for the
Iour constituents difier greatly.

Studies on the toxicity curves of pyrethrum and its constituents
show that, at a fixed concentration, the progress of the responses to
poison can usually be <livided into: (t) a very short latent period,

TABLE 2
Knochlown of hnusef,ies (M. domestica I.) bjt the Jour acthte

constiluents of pylethrurn etct/act

KD50 KD end poiDt RelativeSubstance (%*1") (min. after treatment) toxicity
Pyretlu:um exha.t ... 0.043 Approx. l3 1.0
P},retlrin I ... ... 0.055 ,, 20 0.78
Pr'Iethrin II ... ... 0.021 ,, l0 2-05
Cinerin I O.O72 ,, 20 0.60
Ciderin II 0.058 ,, l0 0.75

when only a lew insects are paralysed; (2) the knockdown period,
when the number paralysed rapidly reaches a maximum and re-
mains steady during (3) the period of maximum eflect, which is Iol-
lowed by (4) recovery of some insects and death of others. Some
experiments were done to determine knockdown efiects and sub-
sequent recovery or death of flies treated with pyrethrum extract
and its active constituents, both alone and slnergised. Using the
suction technique (Re!. RothsmsL exp. Sta. lor f959, pp. 123-124)
and applying the materials in zdodecare to 5-6day-old flies with a
treatment and after treatment temperature ol 20', the knockdowl

TesrB 3
C oncentlations (o/. wlo) oJ lyrdhrum extuect a?td its four constilumts

afecting 50o/o of the iwects, 75 and 45 ninutes, 2 and. 24 tus. aJter
lreat ttent

Concentrations (% w/v) afiecting 50% oI the insects at specifed times
15 min. 24 tu.

US
45 min. 2 hr.

USSubstatrce U* St U
Pyretbrum

extract ... 0.040 0.016 0.065
B'rethrin I 0.052 0-012 0 065
Citrerin I ... 0.082 0 022 0.096

0.012 0.080 0.013 0.028
0.011 0.070 0.0098 - 0.019
0.016 0.120 0.013 0.034

Pyrcthrum
extract ... 0.050 0.013 0.068 0.0094 0'086 0 0090 002?

P,'rethrin II 0022 00098 0034 o0094 0-043 000S0 - O o27
Cineritr II ... 0.066 0.018 0.098 0.016 0 0r4 0 015 0 040

* U : uns].nergised.
t S : pyrethroid lrith piPeronyl butoxide (l : l0).

activity of each of the four constituents was compared with tiat of
the exiract. Knockdown reached a peak (KD end point) after an
interval of time, the length of which depends on the chemical and its
concentration. The iofowing table shows the KD50 (concentration
to give 5oo/o knockdown at the KD end point) and the KD end point
{or each KD50. \rethrin II and cinerin II have a higher initial

K
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knockdown activity and a faster recovery than pyrethrin I and
cinerin I. Adding piperonyl butoide to py'rethrum extract or its
active constituents prolongs the period during which krockdown
occurs. At the end oI the first l5 minutes the increase in the toxicity
of sSmergised p5zethrum ard its constituents is already considerable.
Recovery (which begins 2 hours after treatment) is much slowed
down and Iewer flies recover. In general, the efiect of piperonyl
butoxide is small initially; it increases v.ith the passage ol time.
Table 3 shows the extent to which piperonyl butoxide increases the
toxicity of pyrethrum or its constituents and blocks recovery.
(Sawicki.)

Analytical lrocedures
The department has taken part in collaborative work on the

examination of analytical methods for:

l. Pyrethrum. Collaboration organised by the Joint Panel
on the analysis of plrethrum oI the Pharmaceutical Society and
Society of Analytical Chemistry. (Elliott and Jefis.)

2. BHC. Collaboration organiwd by the Joint BHCIDDT
panel of the Scientific Sub-Committee on Poisonous Substances
used in Agriculture and Food Storage. (Jeffs.)

3. Demeton-methyl. Collaboration organised by the deme-
ton-methyl residues panel of the Scientific Sub-Committee on
Poisonous Substarces used in Agriculture and Food Storage.
(I-ord and Solly.)

Insed rearing
The following insects were reared in the department during the

year:
Plant feeding

Hemiptera,4cjtrthnsiphonpiswnHaris
Aphis Jabae Scop.
B r et:icoryne br assic ae L.
Megoura oiciae Buckt.
Myzus percicae Sulz.
Rhofal.osifhum pad.i L.

Lepidoptera Diataraxia okracea L.
Pieris bassicae L.

Coleoptera Phaedon cochlaariae F.

Slorcd. lroduct, dqnestic and meilical

Orthoptera Achetad,omcsticusL.
B laberu s d.iscoidalis L.
Blatella getmanica L.
BLatta oienlalis L.
P eripl,anela americana L.
Rylarcbia molerae Fab.

Lepidoptera Araga$a hnhnidlaT*'11.
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Coleoptera Oryzaefhilus mercolorEaw.
Tenebrio tttolitor L.
T ribolirm caslaneum Herbst
Tribolium conJusum J. d,t Y .
T ro goder*a gr anariunr Everts

Diptera A€des aegQli L.
Drosofhil.a melanogaslar Meig 3 stra.ins
Musca dortestica L. 4 strains

In addition, guppies (Ielrsles reticulatus) were reared for micro-
bioassay studies.

Bioassajr techniques

Because of the sensitivity of larvae of Aedes aeglti L. to con-
taminating materials other than insecticides, a nicrobioassay
technique with Drosofhil,a melanogasrrl Meig as test insect was used
this year for the preliminar5r examination of bees suspected of being
killed by insecticides. A purified extract of the bees was used to
produce a film in t| x 3-inch glass vials by putting the extract in
them and evaporating it w'hile the vials were kept horizontal and
continuously rotated. Adult D. mel.anogasto were exposed to the
fiIm for 24 hours at 25' and b€tween 60 and 70o/o R.H. Mortality was
then assessed. The flies had access to l0% sucrose solution during
exPosure.

A " direct assay " method using adult D. melarogast* wx also
developed to determine residues of " Rogor ", the systemic insecti-
cide containing dimethoate (Oo-dimethyi S-(N-methylcarbamoyl-
methyl)phosphorodithioate) in potatoes. This was in connection
with work on the use of '' Rogor '' to check the spread of viruses. The
tubers were washed, cut into pieces suitable for mincing and then
deep frozen below -I0'. The deep-frozen material was minced and
homogenised and 25-g. aliquots of the pulp placed in 7-cm. crystal-
lising dishes. Flies were introduced into the test dishes, which were
then covered with cellophane and kept at 25' and the mortality
assessed at intervals to construct a time-mortality curve. The
mortality from test tube6 was compared with that obtained in a
series where diflerent concentrations of dimethoate were added to
the pulp of untreated tubers- This technique detected insecticidal
activity in the tubers from the lowered application oI " Rogor ",
equal to 0.047 p.p.m. dimethoate. This was not the limit of its
sensitivity. (Needham.)

The occurrence of bee poisoning in the fieH. Thirty-three samples
of bees suspected of being poisoned in the field were received from
Mr. P. S- Milne, the chief bee advisory omcer oI the National Agri-
cultural Advisory Service. Fifteen rvere judged to have been
poisoned either by organophosphorus or carbamate insecticides,
because they gave negative bioa-ssay tests but a positive result by
the residual choline esterase technique (Re?. Rolharnsl. exl. Sto.
Ior 1959, p. 124). Tt'o samples thought to contain organophos-
phorus insecticides gave inconclusive results, but the bees \,vere in an
advanced state of decomposition when received.

Six samples contained chlorinated hydrocarbon insecticides,
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two dieldrin, one BHC and one DDT. A further sample gave a
positive bioassay, but the chemical could not be identified.

Insecticides could not be detected in ten of the samples. One oI
these, sent as dead, arrived alive and apparently healthy. (Needham
and Solly.)

Occurrctrce oJ d,ield,rin in bees. Extracts lrom some bees, appar-
ently unafiected by poison, proved toxic when used as controls in
bioassay procedures. Tests indicated that dieldrin or al&in was the
conta.minating material. Through the co-operation of Advisory
Officers, nine samples of apparently normal bees were obtained from
different localities in England and WaIes, and Iour of these gave a
positive bioassay result. Analysis showed that the toxic agent in
all four was aldrin or dieldrin, in amount estimated by bioassay to
be about 0.0.1 sg./bee.

Five of the samples examined by us, two of which had given
negative results by bioassay, were analysed bv gas/liquid chromato-
gaphy by Mr. Reynolds of the Woodstock Agricultural Research
Centre, Sittingbourne, Kent. This technique showed all five
samples to contain dieldrin; three had 0.03 pg./bee and two had
0'02 pg./bee. These results suggest that it is common for bees to
conta.in sublethal doses of dieldrin. (Needham and Solly.)

Corhol of oirus spread

Sfray litting exlerirzenr. The results of the experiment done in
1959 are presented in the Report of the Plant Pathology Department
(p. rr7). (Burt.)

Soil inseclicides to contlol vi/us s?real. Following the encourag-
ing results of the small experiment done in 1958 (Re!. Rothamst. ex.l.
Sla. for 1959, pp. 98, 127 128), a larger trial on ea-rly potatoes was
done at Efiord Experimental Horticultural Station in 1960, using
the I-atin Square design previously used at Rothamsted. F-ach plot
contained plants with leaf roll and virus Y and there were fir'e treat-
ments: control, DDT emulsion at 2 lb.,iacre active ingredient,
sprayed at fortnightly intervals, and " Rogor " applied in the soil at
planting at 2, 4 and 5lb./acre active ingredient (dimethoate). The
potato aphid population was fairly small; 397 aphids per 10O lear,-es
on 22 June was the highest number recorded. The dimethoate
treatments all completely controlled the aphids and were consider-
ablv better than the DDT sprays. Efiects on virus spread will not
be knorn until 1961.

The toxicity to adu.lt Drosofhila ,nelanogaslel of sample tubers
from the lifted crop \tas measured (see section on bioassay). The
samples showed toxicity to these insects equal to 0.047-{.076 p.p.m.
of pure dimethoate, which agreed well with chemical analyses done
by the Laboratory of the Government Chemist and by Messrs.
Fisons Pest Control Ltd. Even though the crop was lifted late and
sampling therelore delayed, these are very sma-ll residues. (Burt.)

Efects of insecticides on bewfcial insects
A field experiment similar to last year's Re?. (Rothamst. exp. Sta.

ior 1959, p. 125) was done to determine the efiects of differeni aphi-
cides on insect predators of the bean aphid Aphis fabae Scop. Some
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insecticides were applied at less than the recommended rates in an
attempt selectivelytb control the aphid, leaving predators relatively
unharined. Atth6ugh there were hany difierent predator species

on the plots, only Coccinellid and Syrphid larvae were common.
Repticaied plots wcre sprayed on 22 June; live and dead predators
coliected 3 days later from sheets laid between the bean rows before
spraying were:

011256022
0I 11 30 41 0
r I lr1780 l9

0?0786061
rl134t1
o 015 060 lo

Dose
\".1
acr€)

2
I

I

Coccinellidae SFPhid
Adults I-arvae liarvae

Live Dead Live Dead Live DeadInsecticide
Demeton-methyl
Demeton
Meoazotr (" PP175 ")
Mevitrphos (" Phos-

drin ")
Fluoroa.c€tamide
Untreated

Mevinphos at about I of the recommended rate still killed many
Coccin;llidae and Syrphid larvae. Demeton-methyl and demeton
at + of the recommended rate still killed some Coccinellid larvae, as
did menazon (" PP175 ") at about $ of the recommended rate.
Fluoroacetamide at the recommended rate apparentty did lea-st

harm-
The best control of aphids was by the demeton-methyl formula-

tion. The mevinphos, ..n^ron *il fluoroacetamide pieparations
also gave what was considered to be good comrnercial control, but
demeton at I oz.facre was inadequate.

The numbers of live predators on samples oi 100 stems collected
from each treatment 6-8 da]'s after spraying were:

Coccinellidlarvae Syrphid
Old Young larvae

Demeton-meth!'l
Demeton
Menazon (" PPl75 ")
Mevinphos (" Phosdrin ") -..
Fluoroacetamide
Untreated

The old Coccinellid lan'ae *'ere probably present as larvae at the
time of spraying; young larvae and Syrphid larvae were probably
present as eggs. The numbers partly reflect numbers of aphids, but
show that many eggs survived in all treatments, though there were
remarkably {ew Coccinellid larvae in plots sprayed with demeton-
methyl or mevinphos. This experiment and last year's suggest that
fluoroacetamide and menazon may have a useful selective action for
aphid control. Demeton-methyl may also act selectively when
applied at less than the normally recommended rate. Tests, in
which bees were caged on pla.nts belore the spray had dried, sug-
gested that demeton-methyl at 2 oz.ltcre and mevinphos at 1 oz./
acre may still kill some bees s-orking the crop at the time of spraving.
(wav )

...6934

... 36 43 A2

... 3l il4 {3

...3631

... 50 2g 60

... 96 61 56
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Efect of ?lant d,ensity on infestalion and. cot rol, of A. tabae on beans

Two experiments were done in co-operation with G. D. Heathcote
of the Plant Pathology Department, one at Rothamsted and one at
lVobum similar to those described h Ref. Rothamst. exp. Sta. tot
f958, p. 127, and for 1959, p. 125. These completed the series;
provisional results are :

Rothausled
PlaDts per yd. row ... 8.3 15.0 26.6
Yield, cr*t./acre:

Unsprayed ... 8.8 7.'t 5.2
Sprayed ... ... 15.1 16.5 20-5

Peak aphid nos. per
plant otr untreated 1748 1886 1121

34.8 64.4 67.6 32.5 +

I l.l 12.1 16.0 20.4
18.6 19.6 tg.z 20-7

932 275 43 37

09.2 26-S

28.8 32.2

3569 2654 1407 246 87 33

Pla.nts per yd. row... 6.1
Yield, cwt./acre:

U$prayed ,.. 2-2
Sprayed ... ... l2.l

Peak aphid nos. per
plant on untreated 324I

Row sP&irg : 22 hches excePt * : ll inches.

Big efiects of crop density in all experiments show that initial
aphid infestation is usually greater in the thiuly sown plots, in which
populations a.lso increase faster than in the thickly sown plots.
(Way and Heathcote.)

Natural cor rol in rclalion to chtmical coNrol
This rvork is in collaboration with C. J. Banks of the Entomology

Department. Experiments on death of Aphis fabae eggs during
winter were continued. Results were similar to those in 1958-59
except at tu'o sites; one at Rothamsted, where on one bush excep-
tionally many eggs vr'ere eaten by birds; the other at Haclilhorne,
Lincs., where many eggs appeared to be diseased. Elsewhere
predation by birds and losses from diseases were insignificant. In
more severe winters than those of 1958-59 and 195$40 predation
by birds rnay be more important.

To test whether low temperatures are directly harmful, eggs were
kept for varying periods in the laboratory at temperatures down
to *20". Ovenvintering eggs were killed when kept at -20' for
7 days, but were unafiected by - 10" for 14 days and bv a diumal
change from - I0' to + 5' for 4 weeks. As temperatures seldom fall
to belorv - l0' in this country, cold is unlikely to kitl overwintering
eggs ol A. fabae .

The experiment on the effect of intra-specific competition on rate
oI Aphis fabae increase was repeated in cages outdoori and in greater
deta.il than last year. The results confirmed that such competition
is likely to be important in relation to both the natural and chemical
control oI aphids. (Way and Banks.)

Inseclicid.al seed drcssings
Efects of difercrc.es in stil tyle and leachiag on the fersistence and

laxicity of syslemic irceclicidal seed dressings. Alka.line fen peat,

Woburn
tl-2 21.3 32.r 50.5

2.1 2.7 5.0 r2.0r9.8 22.7 24-5 21.8
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acid sedge peat and clay were each mixed with sand in varying pro-
portions to give a number of soils with different characteristics.
Wheat seeds, treated with a slurry of phorate and siliceous earth,
were planted in pots containing these different soils. Half the
replicas were llatered every day with excess culture solution to pro-
duce leaching, and the remainder of the pots were placed in shallow
dishes ol culture solution to prevent leaching. Persistence of
toxicity was measured by confining aphids (Rhopalosiphum fadi)
on the plants.

With no leaching, toxicity persisted longest with the sand and
clay and shortest with peat. With leaching, plants growa in sand,
clay or peat lost theh toxicity rapidly, and toxicity persisted longest
in a peat-sand mixture. Neither sand nor clay seem to hold the
insecticide, which rapitlly leaches away; it is strongly held on the
peat, and is therefore not leached, but only when the peat is dituted
u/ith sand and the amount of absorbing material Per unit volume
reduced, does the insecticide become sufficiently free to be taken up
by the plant.

Moiement ol inseclicid.e from seed to soil. \\rheat and mustard
seed treated wiih a slurry oI phorate and siliceous earth were sown in
John Innes Compost and allowed to germinate and were then trans-
planted. With wheat aphids and mustard beetles as test insects,
iransplanted seedlings lost their toxicity much more rapidly than
undisturbed plants. This wErs so even when wheat plants $ere
transplanted with the parent seed attached, suggesting that some of
the insecticide moves from the seed to the soil where it is taken up
by the plant if undisturbed.

Mwement of inseclicide in the soil. To obtain information on the
behaviour in the soil of insoluble pa"rticulate seed dressings, such as
the clrlorinated hydrocarbons BHC and dieldrin, it was assumed that
powdered Saturn Yellow, an insoluble fluorescent dye, would behave
like these insecticides. Wleat seeds were treated with a slurry of
this dye and planted in John Innes compost, and the distribution of
the dye in the soil at inten'als alter so*'ing rvas deterrnined by study-
ing soil sections under ultrar.iolet light. The efiect of different
dra"inage systems on the distribution oi the dye was studied.

A method to determine the distribution of organophosphorus
insecticides in soil sections was dereloped in collaboration with Lord
and Solly. A gelatin-coated glass stide placed in contact $ith ihe
soil section absorbs the insecticide on the paitern Present in the sec-
tion. An image of this pattern is produced on filter-paper by mois-
tening the paper with a solution of insect esterases, applying it to
the gelatin slide and then treating it with indoxyl acetate. In the
areas vhere insecticide is present the esterases are inhibited and no
staining is produced with the indoxyl acetate, whereas the rest of
the area is stained. This method was uscd to study the behaviour of
phorate on wheat seeds ir John Innes compost at a number of time
inten'als after soving. Both sets of experiments showed that some
of the insecticide passes into the soil from the seed. The experi-
ments with the fluorescent dye indicated that distribution oI in-
soluble insecticide is assisted by percolation of water through the
soil and by germination oI the seed. (Bardner.)

Seed dressings for uireuorm control, ln collaboration with F.
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Raw, experiments on the use of seed dressings for wireworm control
were started- These are described below (p. 157). (Raw, Potter
and Bardner-)

FUNGIcIDEs

P arli al, soil steili saJi on

Efiects of treating soil with formalin and chloropicrin, and with a
range of seed treatments, on the distribution of fungi and bacteria
in forest nursery soils, planted with Sitka (Picea sitchensisl, were
studied with M. A. Ram Reddy (see above, p. 127). Preliminary
experiments were also done with D. B. Slope to see whether the
incidence of take-all of cereals, ca;,)sed by Aphiobol,us graminis, is
affected by applying chlordane, heptachlor and al&in (insecticides
knotn to decrease the incidence of some fungal diseases) to the soil,
(Last.)

Conbol of lotalo blight
Triphenyltin acetate, which gave promising results in 1959, was

994pqed in the field with coppr oxychloride and zinc ethylene
bisdithiocarbamate used at rates ol O.75,2.5 and l-3 tb. of active
material/I0O galtons respectively. Blight rvas severe in the urr-
sprayed controls, which yielded 9.9 tons/acre of healthy tubers.
Spraying with zinc, copper and tin compounds detayed the de-
struction of the foliage (50o/o stage) by 8, l0 and l8 days and
increased yietds bv 0.4, 1.0 and J.8 tons/acre respectively. The
increases with tin occurred despite its phytotoxicity, which showed
by the appearance of necrotic stots. (Last.)

C ereal lowdery mildews

Using fungicidal sprays, the eftects of Erysiphe graminis DC oa
the development of spring-sown barley were a;aly+d fully. Soon
after leaf infections appeared, decreases in the dry weighti of roots
were detected. Infection later decreased leaf area and numbers of
tillers. The decreases in the root system were disproportionately
large, calsing the ratio (w/w) of roots to living teaf lariinfto decrease.
Infected plants produced fewer and smaller ears-a decrease which
may be associated with a Iower Net Assimilation Rate. (Last.)

Saprolhytic orgarisms in the phyllosfhere
Surfaces of living leaves, like roots, appear to provide a substrate

suitable for the development of a saprophytic microflora, Factors
controlling the incidence of two memberi of the phyllosphere flora,
Sporobolonyces and Til,letiofsis, were investigated. Spo)obolomyces
occurs on a wide range of ptant hosts, but rarelyon Ierns and conilers;
Tilkliopsis is less r+idely distributed and is rtre on trees. Colonies
of both fungi are usually more numerous on lower than on upper leaf
surfaces, SloroDol o^yi", 

^re 
more abundant on diseased'leaves

whether (a) infected by rust fungi or (D) infected with Aphelenchqid.es
rilzemabosi (a nematode) ar,d, Etiophyscs macrorhyncus (a gall-form-
rng mrte), than on health]'leaves. Applying superphosphate to
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winter wheat increased the numbers of St'orobolotnyces colonies per
unit leaf area; potash decreased numbers and nitrogen had no efiect.
(Last.)

Laboratory teckniques oJ assessing fungicidal activity
Some variants and possible errors in the test-tube dilution and

slide-germination methods o{ assessing fungicidal action were
studied and the results prepared for publication. (Mclntosh.)
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