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INSECTICIDES AND FUNGICIDES
DEPARTMENT

C. Porrrn
Daphne V. Holbrook and Elaine Fairey lelt and were replaced

by Ev6lyn M. Broun and Gertrude Kruggel. F. T. Last retumed
from secondment to the Sudan.

Dr. Carlo Corral of the Instituto de Quimica " Alonso Barba "
(Consejo Superior de Investigaciones Cientificas), Ma&id, Dr. G.ll{.
Das from India, Mr. McCa.llum Deighten of Mitchell Cotts ard Co'
Ltd., London and Mr. E. Mastrandeou from Greece worked in the
department for various periods.-K. A. Lord attended the 4th International Congress of Bio-
chemistry in Vienna, and visited laboratories in Austria, Holland,
Germany and Switzerland where insecticides are studied.

At tle request of Dr. A. D. Hanna, Chief of the Agricultural
Research Division, Cotton Research Statioa, Wad Medani, C. Potter
visited the Sudan to discuss the control of insect pests and diseases
of cotton there. With Dr. A. B. P. Page, Reader in Entomology
at the Imperial College of Science, he went to Uganda, Keny_a,
Tanganyikl, Zaazibar- and, Southern Rhodesia prim^aly to study
the worik of the Colonial Pesticides Research Unit and to consider
how the Unit mieht eive more helo to these territories. He also
visited research liboritories of the'Pwethrum Board of Kenya in
Nakuru to study the production arid technicd development of
pynethrum as an insecticide.- - At the request of the Agricultural Research Council's Technical
Committee oir Insecticide,-Fungicide and Herbicide Research, a
conlerence of the research workers on plant protection under the
chairmanship of Professor J. W. Munro was organized by tbe
department and held at Rothamsted.-The new departmental glasshouse, though unfinished, is now
being used. Ail four of the new constant-temperatur_e_ constant-
huriditv rooms operated durine the vear and are used by several
departnients. Thire have beeribrea[downs and otber dificulties,
bui it is hoped that these will be overcome. Work bas been started
on the three new constant-environment rooms.

INSEcTIcIDES

Efecl oJ temPeratue on the loricity of insecticides

The work started by Dr. Das on the effect of temperature on ttre
toxicity of DDT to i.rosquito larvae was coniiruid. I-arvae of
Aefus Zegpti L, werc exposed to DDT at l5' C. and 25" C. for short
oeriods anil then translerred to DDT-free rearing medium at 20" C.
ior 48 hours. DDT had a significantly great& efiect on larvae
exposed at 25"C. than at l5'C., which together with the results
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of Das, indicates that mosquito larvae pick up more DDT at the
tugher temperature. (Needham.)

Isolalior and. properties ol htsecl estcrases

As part of the study of the biochemical mode of action of the
organo-phosphorus insecticides, work on the isolation and properties
of insect eterases was continued. The reults previously relorted
on the properties of choLinesterase from the German tockroach
Blalc a germanica L. were conf,rmed and extended. Substrate
concentration-rnzyme activity curves have been obtained for the
acetyl,. propionyl and butyyl esters of choline, phenol, glycerol
and ethanol. The same enzyrne seems to hydrolyie all thi6 sub-
strates. The results show that the properties of the enzvme from
the German cockroach resemble tliosd of tme cholindte.rase of
mammalian nervous tissues, but the cockroach cholinesterase has a
higher aftnity for choline esters. (Lord.)

- Work on the hydrolysis of non-choline esters by breis of Piarrt
btassicae L. eggs indicated the presence of inhibitors in breis from
newly laid eggs (0-12 hours old), and a method for their removal
ha-s been dewised

-The puriEed extracts hydrolyse the acetyl, propionyl, butyryl
and caproyl esters of phenol and glycerol. hhiLiti;n sludies ri,iih
paraoxon indicate the presence of-at least two enzlmes; one is
readily susceptible to inhibition, another is not inhibiied bv a con-
centration of paraoxon as higb as 10.{M. As about EO pei cent of
the-su_sceptible enzlme is inliibited by a paraoxon concentration of
lf?M, it could be concrmed in the pbiso-ning proces, and is there-
Ior-e bein-g examine4 in more defail. Prili^minary experiments
indicate that the inhibition kinetics may be of speciat inter'est.

lnhibitors were detected in breis from oldei eges (5 davs old at
20'C.), and their removal catled for a method di"Eerint fiom that
effective with the young eggs. purifed breis from the older eggs
also hydrolyse the acetyl, propionyl, but)ryI and caproyl esterJ6f
phenol and glycerol. I-nhibition siudies "alio ind"icati tlie presence
of at least two enzymes, one of which is sti inhibited bv oiraoxon
at l0-8M whereas the other is not inhibited at lOaM. Lri_rde Ureis
of the 5-day-old eggs hydrolyse esters of long-chain tattv acids, but
it is not yet knot'n whetber purffied breis do this. Esters of long-
chain fatty acids are not hydrolysed either by crude or puri6e"d
breis of newJaid eggs. (SoUi.)

Toxicological and histochemical studies ott the aetion of o/garo-lhas-
?ho/us conL?ound.s on insecl eggs

The permeabil.ity of the chorion, the special.ization of the embryo,
and the number and kind of enzlues pGent all alter Mth chanies
m age ol the egg. Changes in susceutibilitv with aee mav therefore
help towards an understanding of the moie of acion oi a poison.
The effect of age on the suscedtibilitv of esss of the cabbase white
butterfly Piezis brassicae L. tb orgario-phi-pho.us compouirds was
further studied. The methyl and"rsopr6pyl ^analogues oi p.."o*on,
like paraoxon and dipterex, showea ontri imal_t clianees i;r toxicitv
with chalges in the age of the eggs- Meihyt paraoxoi has about {o-
the toxrcrty ot paraoxon and appears to increase in toxicity sl.ightly
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with increasing age of the egg. ,soPropyl paraoxon has about 1$5
the toxicity of paraoxon and appears to decrease slightly in toxicity
with increase in age of the egg.

Small measured drops of paraoxon in acetone were applied to the
base of the egg and to the micropylar end of eggs of P. brassicae
throughout their development. No difierence in toxicity with site
of application was found until the eighth day at 16" C., which is

hours before the eggs were due to hatch; then the poison applied
to the base was virtually non-toxic, whereas that applied to the
micropylar end had approximately the same toxicity as to the
previous stages.

Preliminary work on the efiect of age on the susceptibility of eggs
of house cricket Grltllus domesticus L. showed that TEPP was
virtually non-toxic except when applied in the earliest stages of
development. The toxicity of paraoxon decreases during the first
few days of development and then increases slightly with increasing
€e. At the concentrations tested, full development occurs even
when amounts lethal to larvae are applied. (Holbrook.)

The possibility that the poison remains in the chorion after
application, and only reaches the embryo just before or during
hatching was investigated by dissecting out embryos before hatch-
ing. Late-stage embryos {rom untreated eggs rvill complete their
embryonic development in a Ringer solution, but in preliminary
experiments with eggs poisoned with TEPP the embryos dissected
out did not complete their development.

Experiments on the enzyme histochemistry of normal embryos
of P. brq.ssicae and those poisoned with TEPP were studied, together
with the p€netration by acetyl thiocholine through the embryonic
cuticle, the general body tissues and the nerve sheath of older em-
bryos. Treatment of the whole embryo, alter removing the egg
chorion, with a lipoid solvent, a wetting agent and a proteinase
such as tr5rpsin, assist penetration of acetyl thiocholine. An in-
cubation of 2-8 hours at room temperature (20' C.) Iavours the reac-
tion of the cholinesterase with the substrate. (Molloy.)

The action oJ orgafio-?hosiholus insecticides qn normal and rcsistant
strains oJ h*usef..ies (Musca domestica I.)

Of two strains of houseflies resistant to diazinon (0:0diethyl
G(2-lsopropyl-Gmethyl+p1'rimidyl) phosphorothioate), one (Sac-
ca), obtained from Dr. Sacca of Italy, maiatained its resistance
from geleration to generation whether or not adult selection by
exposure to the poison was practised in each generation. The
other strain (203a), obtained from Dr- Keiding of Denmark, main-
tained its resistance to diazinon only when there was continual adult
selection. Work on the mechanism of inheritance oI resistance is
being done in collaboration with Dr- H. Kalmus of the Galton
Laboratory. Attempts to raise the level of resistance of the 203a
strain by selectiag at high mortality tevels failed. Breeding from
the suryivors of selection at 75 p€r cent mortality presents difficul-
ties, and an attempt is being made to improve the technique.
(Fairey.)

Histochemical studies by the Koelle technique on frozen sections
of isolated brains of M. dorneslica suggest that acetylcholinesterase
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is generally distributed throughout the tissue. There also seem to
be localized centres of high cholinesterase actiyity, but more work is
requAed belore anything de6:rite can be said. When braias of
M. dontcstica poisoned with lethal doses (0.014 per cent w/v) of
diazinon were examined by this technique sta"ining was unaffected
up to 24 hours after poisoning, indicating that the cholinesterase of
the brain was not being ifibited.

The rate of penetration of organo-phosphorus insecticides is
being studied with a labelled poison where p€netration and localiza-
tion can be measured by autoradiographs. (Molloy.)

Pyrelhritts axd rdald comlotords
Rdalion betuteen lfu chemical structure atd, the inseclicidal acliuilv

of com|ourds relaled ta the i!rcthitts. A series of compounds relatef
to the p,'rethrins rvas prepared using furan compounds as preq[sors.

cH-t"
.,,c\

R,.CH C.RtlcH!-{{

(I) R:
(II) R:

(III) R:
(I\] R :
(v) R - cH,cocH;

The parent ketones (I-V, R' : H) were brominated vrith N-bromo-
succinimide and the resulting bromoketones were reacted with
the silver salt of. (ll-lrafis- or (!\-cis-lruns-chrysanthemic acid.
The stmctures o{ the intermediate bromoketones and hence of the
esters (I-\,, R' : ({\-trans- or (+\-cis-tlans-chysanthemoyl) were
proved bv showing that more than 80 per cent of the bromine
introduced could be removed as hydrogen bromide by very mild
treatment with trimethylamine. These are the fint esters related
to the plretbdns to be prepared with ester or keto functional groups
in the p position of the alcoholic side chain.

Preliminary bioassay results, using mustard beetles and a mea-
sured-drop technique, indicate that these groups do not produce
such a high insecticidal activity in the molecule as tbat produced
by one double bond (e.g., cinerins I and II and allethrin) or by
conjugated double bonds (e.g., ppethrins I and II). (Corral and
E[iott.)

I solation, examinalion aud Pro|e ies oJ thc insecticidal constitaenls
of Ptrelhlurt extrdcl. Work on the isolation and purification of the
alcoholic constituents of the plrethrins has contiaued. After pre-
paring pure (f)-pyrethrolone by techniques which have enabled
adequate supplies of pure plrethrin I and pyrethrin II to be re-
constituted, attention was given to making (+)-cinerolone so that
cinerin I and cineria II may be reconstituted in a similar menner.
(f)-cinerolone hydrate has now been obtained as a low-melting
crystalline solid.

The optical rotation of pure undistilled pyrethrin I[cr13o-rt'n"
changes greatly on distillation, the extent depending on the heating
conditions. The rotation oI cinerin I is unchanged on heating, so
the change with pyrethrin I is most likely to be associated with the
isomerization of the double bonds in the side chain. It follows that
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any distilled samples oI plrethdn I or pyretlrin II may contain
some isomeric esters, This can explain some of the inconsistent
optical rotations recorded in the literature and could afiect estimates
oI toxicity. The work on isomerization was helped by the gilt by
Dr. M. Thain of the Tropical Products Institute of a generous sample
of pure p5nethrin I obtained by chromatography of the natural
material. This permitted a definitive measurement of the optical
rotation to be made. (Elliott.)

Examinalion of lfu crude fyrethr*m erlroct fo/ aAd iofial;nsecr;-
cidal compound.s. This work (on the biological activity of fractions
of a crude pyrethrum extract from the Belgian Congo, rich in
cinerins) is being done in collaboration with Dr. Thain of the Tropical
Products Institute, who is concerned with the chemical investiga-
tions.

The capacity oI nitromethane to extract all the substaaces with
insecticidal activity from the crude extract was studied as part of
an investigation into the possibilities oI producing pgethrum ex-
tracts which do not staia. After seven successive extractions with
nitromethane all the biological activity is transferred to the nitro-
methane portion and none remains in the mrde extract. Tbe
recombined extract made up from the nitromethane extracted
material and the residue is equal in toxicity to the cmde extract and
the nitromethane portion. Therefore, judged on the mortality of
houseflies after 24 hours, it is unlikely that the residue contains any
substance which could activate the insecticidal material present in
the nitromethane fraction. (Sawicki and Elliott.)

Synergists for pyrethrum. At the request of the British Petro-
leum Company the effect on the toxicity oI py'rethrum of adding
diphenyl methane was compared r.rith that of piperonyl butoxide
using the flour beetle Tribolium csst4neurn Hbst, A measured
drop technique was used, together with an after-treatment tempera-
ture of 20'C., a 7-day insp€ction time and ratios of pyrethriB to
possible sl,nergist of l: I, l:2'5, l'.4 and l:9. No evidence of
ilmergism was found with the diphenyl methane; indeed, the toxi-
city of the pyrethrins was consistently lower in the presence of the
rliphenyl methane, although the difierence was not significant.

Piperonyl butoxide applied in the same way showed some
s],ngeristic efiects, for the mixture was l'36 times as toxic as the
extract at the I : I ratio ard 2'4 times as toxic at the I :9 ratio.
(Mccallum Deighton.)

Four substances have been claimed to activate pyreth&m
extract: piperonyl butoxide (3: rlmethylenedioxy-6-propylbenzyl
z-butyl die[hvleneglycol ether), " Sesoxane " (2-(2-ethoxyethoxy)
ethyt-3 : rlmeihyleie-dioxyphenyl acetal of acetaldehyde), " S.,t2l "
(octochlorodipropyl ether) and " 8.P.50 " (diphenyl methane).
The slmergism of these substances was tested by a measured-drop
technique, at fixed ratios with pyrethrum, on 5-4-day-old female
houseflies with an after-treatment temperature of 20'C. and an
insoection time of 24 hours. Acetone was used as the solvent. The
ratios of synergist to p]'rethrins were I : l, I : 2, I : 4, I : 8 and I : 20.
" Seoxane ", piperonyl butoxide and " 5.431 " all increased the
activity of the extract. " Sesoxane " had most activity, ctosety
fo[ow& by piperonyl butoxide; " 5.421 " was conside;ably lesi
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active. Diphenyl methane depressed activity, as a.lso found with
Tiboliw ca^shneum.

To determine whether these materials act simply as s5mergists
or nhether they are insecticides, their toxicity when applied alone
was tested. Another s)mgerist, " Bucarpolate " (the ester of piper-
onylic acid with mono-r-butyl ether of diethylene glycol) was
included: it was non-toxic 24 hours after dosing and ;S5 the toicity
of pyrethrin after 48 hours. " Sesoxane " had * and piperonyl
butoxide ro16 the toxicity of p,'rethrum to houseflies,24 hours aftLr
dosing. The flies were not }rrocked dou.n by these compounds.
" S.rPl " was fa.irly toxic, about fr the toicity of plrethmm;it
also had a defirite knockdorm action. (Sawicki.)

Physiological sludies on the nodo of oclion of lydhrins
As plrethrum is often stated to act as a nerve poison, the action

of pyrethrins on the insect nervous system is being studied by
measuring their effects on the membrane potentials, both normal
and anoxic, of the giant fibre axons of the American cockroach
Periplaneta americana L. P,'rethdn I (reconstituted from the
naturally-derived alcohol and acid) depresses the normal membrane
potential slightly, to an extent that is roughly proportional to its
concentration; the depression is negligible at l0-6M and about
12 per cent at lA-aM, At the lower concentrations the membrane
potential recovers slightly after its idtial depression. As the
anoxic membrane potentials were less steady, it was more difficult
to measure the efiects of pyrethrin I on them; bowever, they
appeared to be depressed about t-he same extent as the normal
potentials. Pyrethrin I delayed the retum of the anoxic membrane
potentials to normal levels when nerves were restored to oxygen.
(* )-allylrethronyl( *)Jrazs-chrysanthemate and a- ( {l-truns-d)-
ethrin had much less effect tban pyrethrin I on the membrane
potentials, though there were small depressions at l0{M. There
appeared to be little difference between these two compounds, but
there is nbt yet enough iaformation to draw reliable ionclusions.
(Burt and Weevers.)

Toxicity anl lersistence oJ inseclicidal d.e?osits

A method for assaying toxicity of residual 6lms ol insecticide
using adult Musca dornestica L. was developed and is described in
the next section. It permits short exposure times, whereas long
exposures are necessary witb adult Tribolium caslaneum }lbst.
Plates sprayed with a DDT emulsion consisting of 0.1 per cent w/v
DDT,0.3 per cent v/v xylene and 0.I per cent {v lissapol N in
water gave rather variable results, probably because of irregular
crystallization. The plates increased in toxiaity for at least 2-days
alier spraying. Plat& sprayed with a solutioi of DDT in ZS plr
cent v/v xylene, 20 per c€nt v/v ethyl ceuosolve (ethylene glpot
monoethyl ether) and 2 per cent v/v medicinal paraffin gave more
reproducible results. The conceDtrations tested ranged between
0.05 and 0.5 per cent w/v DDT, and with this formulaiion the film
remained liquid on storage. This liquid paraffin Iormulation is
more todc on either plain or wax-coated plates than on cabbage
leaves. The emulsion deposits, by contrast, are more toxic on
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leaves than on plates. A suspension of 60p neeclle cqntals of DDT
contahirg 0.1 per cent {v sulphonated lorol, I0 per cent v/v ethyl
alcohol and 9O per cent water gives a more toxic deposit than the
emulsion on both plates and leave. These relative toxicities,
determined with houseflies and exposure times of 2-€ mhutes,
may difier rvith other species and longer exposure times. (Ward
and Gilham.)

C lumical analytical kchni qu es

Work on the analysis oI BHC in soil was resumed. The method
previously rrsed (Rel. Rotharnst. er|. Sta for 1956) was unsatisfactory
with soils rich in organic matter and gave erratic results with some
other soils. It was found that steam distillation of BHC from the
soil gave either incomplete extraction or, when superheated steam
was used, there was some decomposition. Solvent extraction gave
an extract with a lot of interfering matter which could not easily be
removed. The Schechter-Homstein method for BHC estimation
was also investigated in conjunction with solvent extraction oI the
soil, but without satisfactory results. Nitration of the residue {rom
soil extract followed by reduction with titanous chloride appears
promising, but has not yet been fully investigated. (Ward and
Jetrs)

Bioassay techniques and, stand,qrd,ization of t st insects

Bioassay of cc,alact toricitjt of btseclicide delosils. In the bio-
assay method using adult houseflies (Musca domestica L.), the flies
are chilled, then sorted into batches ol ten and allowed to recover.
Each batch of ten is then exposed to the treated surface in an ex-
posure chamber. The base of the chamber is perspex with a glass
plate for the floor. The glass plate can be slid out aad replaced by
the treated surface. The side of the chamber is a metal ring cooled
by circulating ice water to make it repel the flies. The top of the
chamber is of perspex, with a hole for the introduction of the test
insects. The exposure chamber is placed on a plate kept at 30-35'
C. and the glass plate on the floor allowed to warm to this tempera-
ture. The test hsects are introduced and allowed to settle down on
the attractive warm surface. The test surface, now at the tempera-
ture of the warm plate, is sLid in to replace the glass plate as the
floor of the cha.mber, and the flies settle on it. Ice may be placed
on the roof of the chamber to make it repeUent. AIter the given
exposure time the flies are anaesthetized and removed to clean
tubes. They are allowed to feed on sugar water during the hour
holding period at 20' C., a{ter which mortality is assessed.

This method of bioassay gives results with shorter exposure
times and is more sensitive than the one formerly used with Tri-
bolium castaaeuu Hbst. as test insect. (Ward and Gillham.)

Stand.ardizalion o/ Musca domestica L. for bioassay of the conlact
toricily of Pyrethrin-lyPe molecules. Improved methods of rearing
and standardization of houseflies for bioassay tests on the plrethrins
have been developed. Female houseflies oviposit more readily on
cotton-wool packs soaked with a solution containing 30 per cent
yeast and 60 per cent milk than on milk-soaked packs or bran.
Eggs can be simply separated from the oyipositing medium and a
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technique has been developed {or inoculating the medium n'ith a
constant number. Substituting polythene wash bowls 12 incbes
diameter for jam jars allows the arnount of medium requAed to
rear 5,000 flies to be halved, for the larvae do not burrow below
a depth of I inch in the medium. This is probably because the
semi-liquid state of the Iood causes the tunnels to collape, depriving
the burrowing larvae of air. The collected pupae are cleaned
and weighed and larval mortality and pupal weight recorded. The
figures have been fairly constant since the rearing technique has
been standardized.

Only flies that emerge within a given 24 hours are used. Females
are sorted on the fourth day after emergence and dosed on the ffth.
The insects are kept in the rearing room at 27"C. until dosing;
a{ter treatment they are kept at 20" C. Although the post-treat-
rrent life oI these flies is shorter than with youager flies, the end
point, i.e., the point beyond which no appreciable recovery or addi-
tional kill takes place, is reached within 24 hours. This was con-
frrmed when flies lived for 48 hours.

The rather high mortality of the young lawae (about 30 per cent)
was investigated, but no explanation was found. Eggs that float
in water are not necessarily infertile. Most of the eggs laid within
6 hours are hydrophobic and float for some time before sinking.
About l0 per cent of the eggs which sink do not hatch within 24
hours at 28' C.

The addition oI vitamins A, D and C was not signficantly
beneficial, and at high doses was detrimental to the larvae. The
addition of cholesterol to the medium did not afiect weight or the
mortality of the larvae, although it has been claimed to increase
the weight.

Preliminary results suggest that although the variation in the
population density oI the larvae afiects the pupal and imaginal
weights, the influence of variation in weight, within the limits
tested, on the results of bioassay with pyrethrins is not statistically
significant. By the standardization of the breed,ing and handling
techniques, fluctuations in the LD50 values were so decreased as to
obtain reproducible results from week to week. (Sawicki.)

Delectior and. ided,ifualion of tna;c substarces bt loisored bees

Eight sarnples of bees submitted during the year were examined
for insecticide. Three were Iound to conta-in an esterase-inhibiting
material; from the detafu submitted by the beekeepers it seems
Iikely that the bees had been poisoned by parathion. One sample,
thought to have been exposed to lead arsenate, contained 1.6 pg.
of arsenic per bee, which is enough to account for the deaths- One
further sample contained metabolized DDT. No residues were
found in the remaining tbre€ samples; of these, two came from fields
lmotar to be near fields of beans sprayed with " Metasystox " just
before the bees died.

A bioassay method is used in the preliminary exarninatioo for the
presence oI insecticide, and mosquito lawae (Aedes aegpli) had
previously been used as the test insect. As the toxicity of extra-
neous material in the extracts caused dificulties, an alternative
method was developed using adult fruitflies (Drosofhila mclanoga-stcr
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Meig). Tubes were coated with a deposit of the extract and the
test insects exposed to the deposit for 2 hours and thea transferred
to dean tubes containing food for a firrther period of 24 hours at
28'C., when the mortality was assessed. An even coating on the
tube was obtained by dissolving the extract in low-boiling petroleum
ether and rotating the tube in a horizontal position in a special
device while the solvent was evaporated ofi. With this technique,
extraneous materials were not a problem, but the method proved
limited because the test insects were particularly insensitive ta DDT
and not very sensitive to " Metasystox ". Improved methods oI
separating the insecticide from the extraneous materials have now
been developed, and with these purified extracts bioassay tests
using mosquito larvae have been giving good reults.

Samples of bees submitted during the past two summers thought
by beekeepers to have been poisoned with " Metasystox " have not
yet been found to contain material toxic to mosquito larvae.
Mosquito larvae are not very sensitive to " Metasystox " (threshold
about 0'8 p.p.m.), but " Metasystox " is not very toxic to bees, the
oral LD50 being about I pg. per bee, so that poisoned bees should
contain a detectable residue if there were no decomposition. A
test was made to determine whether the " Metasystox " was liable
to decompose in the dead bees between the time of poisoning and
extraction. The bees were treated with 3 g.g. of " Meta.systox "
by topical application and kept at 20'C. after treatment. Deter-
minations of loss of " Metasystox " with time were made by
mosquito larvae bioassays and esterase-inhibition tests. The bio-
assay tests indicated that some insecticidal material was left in the
bees after 8 days, but this was not detectable by the esterase-
inhibition tests. However, as the samples sent by beekeepers had
often been exposed to sun and rain before the sample was taken
and were rarely received in under 5 days, weathering may explain
the failure to detect the poison.

Dinitro-o-cresol, which has a low todcity to the larvae of
Aedes aegjQti and to adult Drosofhila ,nalanagastcf Meig., is highly
toxic to bees. A colorimetric method for detecting DNC in the
extracts has been developed, depending on the partition coefficient
of the DNC in difierent solvents and the development oI the yellow
colour in a buffer solution at a pH oi 7'5. This test is relatively
non-speci6c. As smaller amounts oI DNC than expected have been
fouad in poisoned bees, a test with the colorimetric method was
made with this poison to determine the loss ol insecticide with time.
The conditions of the test were the same as those for " Metasystox ".
The amouat of DNC diminished with time oI keeping, but was still
detectable aJter 8 days.

A more slxcific sensitive spot-test for DNC was developed. It
consists of putting a spot of the bee extract on frlter-paper, treating
with titanous chloride and exposing to bromine vapour, when the
DNC gives a purple colour. This test failed even with bees extracted
3 hours alter applying DNC, probably because the colour was
masked by coloured extractives from the bees. (Ward and
Needham.)
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Ittsccl rcairg
The following fuEects were reared in the department during the

year:
Pl4ttt feedirg

Hemiptera Magorra viciae Bruck.
Afhis fabae Scnp.
Acyrllosiphott t'i sum Haris.
M y zus ch c*mfl e x*s Bttck.

Lepidoptera Pieris blatsicae L.
Dialanaxia oleracea L.
Phne a maadipmnis Cvrtis.

Coleoptera Phaedol cochlaariae F.
Diptera LeltohylemgiacoarctataFalT.

Hylemyia a iqua Metg.
C horloph;ll brqssicae Bo1tch6.

Stored ftodlct, dnmestic ad mtdical
fthoptera Blalella germtttica L.

Blatln orimtalis L.
Pnifbrata amaricara L.
Gryllus dottusth*s L.

Coleoptera OryzaQhil*s sttrirametsisL.
Oalzac?hifus m2lcalol F o\v.
T ri bolium costan e*rt Hbst.
T r i boli*m cottfrs*m DuvaJ.
Tawbrio noliktr L.
T r ogo d erma gr anariurfl Everts.

Diptera A€des aeglfti L.
Dr o st! hila melam g aster M€tg.
Musca dameslica L-

The technique of rearing Picris hrassicae L. was modifed to
avoid handling the adults.

W luat-hnb-fly (Leptohylemfla coarctata F all.) contlol
Box erfeimcd. Insecticides tested as seed &essings included

" Disyston ", phenyl mercury monofluoro acetate and its arnmonium
caxbonate complex, " Phosdrin ", " Rogor " and " Thiodan ".
" Thiodan " \yas the only material to show any promise, but was
not _obviously superior to dieldrin and heptachlor, which are being
used in the field experiments.

Field crpeimtnk. Experiments at Newborough near Peter-
borough and Soutbwick, Northants, in collaboratior with Dr. H. C-
Gough and his colleagues of the National Agricultural Advisory
Service, tested the efiect of seed dressings applied at two to twelvi
times the conventional dosage rate. The insecticides used were
atdrin, dieldrin and heptachlor applied in an aqueous solution of
methyl-cellulose to bind the toxic material to the seed. At Nen-
borough, where there was a heary wheat-bulb-fly attack, all three
insecticides greatly increased fleld, from ll.6 cwt./acre for the
untreated lo 25.2-27.6 cwt./acre for the treated. Heptachlor
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appeared slightly better than aldrin and dielddn, and the dressings
at the rate of I per cent insecticide to weight of seed were only a
little better than the 0.15 per cent rate. The seed treatments yr'ere
superior to combine-drill treatments with al&in and diel&in at 1.5
lb./acre, which gave yields of f9.7 and 17.0 cw.t./acre respectively.

Results at Southwick, where the attack tvas less severe, were
comparable. This trial included a standard seed dressing with
40 per cent y-BHC at 2 oz./bushel of seed. This proved in{erior
to the other dressings, perhaps because the early November sowing
is less favourable to BHC than the other chlorinated hydrocarbons.
None of the seed dressings were phytotoxic. (Bardner.)

Bean aphid (Aphis fabae Sco!.\ conlrol
Efectoffla densitl of spring-soun beats orinfestati.tn atd coltrol.

The effect of plant density of sprayed and unsprayed crops on yield
of spring beans was studied. Beans were sowr on 18 March lg58
in rows 22 inches apart to give six levels of plant density ranging
from 5.3 to 106 plants/yard of row. Each plot was split for spray-
ing with demeton methyl at 6 fluid oz. of active ingredient pei acie
lor aphid control, versus ursprayed. The results are given in
Table l.

TABLE I
Piarts per yard row 6.3 ll.3 2O.7 11.4 57.O fO6.O
Yield (cwt./acrc) :

Uotreated ... 16.6 21,2 27.9 27.9 26.2 20.6
Treated ... ... 21.1 Sl.2 A24 29.8 25.1 21.3

The aphid counts have not yet been analysed, but it is evident
that initial infestation and subsequent build-up was geatest, both
or individual plants and per unit area of plot, where there was a
thin plant stand. There were few aphids in plots with 57 and l0o
plants per yard of row, and this is reflected in the yield, which did
not benefit from the spray. As the plant popuiation felt yield
increases from spraying rose. (Way and Doherti.)

Nalural control in relation to chcmical cofitrol. This work was
continued in collaboration with C. J. Banks o{ the Entomology
Department. A. fabae latd many eggs in the autumn on some of
the Euonryus eulopeeus bushes selected {or study, Some hatched
in February 1958, but did not survive the long cold period in March.
Overwintering adults of Coccinellid and Anthocorid predators were
ablndart in April and May. The Coccinellids were piobably plenti-
Iul because the big populations of many aphid species in Mav-.IutV
1957 provided a good food supply. The predators helped toieduce
the A - fabat popdations on the winter host and also destroyed many
young colonies developing later on the summer hosls-field beanj,
Vicia Jaba and fat hen, Chenopodiurn aJham-o\ which counts were
made periodically.

Revised sampling methods, whereby plants were examined
in detail ia the laboratory, showed that Svmhid larvae orevine
on the aphids were abu-ndant in Juty on irirmer hosts.' T"hesE
new sa"mpling methods also showed that some of the previous
methods were inadequate for the examination of numbers irf larval
predators,
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Unsuitable weather and tratural enemies kept A. Jdac popdz-
tions lower from May to July than might have been expected from
the many overwinteriing eggs on some E. eurofaeus bushes. Small
populations remained on the summer hosts (6eld beans, sugar beet
itril fat hen) from August to October, from which miSrants returned
to E. eurof'acus, wheie large numbers developed in some bushes in
October and November. (Way.)

Co rol ol polala rirus sPraail

Work in collaboration with the Plant Pathology DePartment on
the control of potato virus spread continued,. and -the exPerimentthe control of potato virus spread continued, and the experiment
on spray timing done in 1957 was lepeated; it is described in the
reoort of the Plant Patholosv DeDartment (p. l0l above).report of theort df the Plant Pathology Department (p. l0l above).

In 195? " Thimet " (O, O-diethyl S-(ethylthionomethyl'In 195? " Thimet " (O,-0-diethyl S-(ethylthionomethyl) phos-
phorothiolothionatQ mixed. with activated -charcoal and placed
irnder potato tubers at planting time prevented aphids from breeding
on the plants for at least 4 weeks ajter the plants emerged. Th.is
vear tlis t!'De of treatment was tested to see nhether it could
ixoduce hedtttryseed tubers by controlling aphids on the plants until
roguing became possible.

Four treatments were tested:

(I\ Individual doses of " Thimet " with activated charcoal
lrerl 'placed below each tuber, each dose containing 0'31 g. of
active ingredient.

(2) The same " Thimet " formulation applied at t}te same
rate but mixed with granular fertilizer and applied evenly along
the row.

(3) " Rogor " (O, O-dimethyt S-(N-methylcarbamoylmethyl)
phoidhorothiolothionate), with activated charcoal applied in
the s-arne way as treatment (f) at the rate of 0'35 g. of active
ingredient per tuber.

(4) A control untreated.

The cost of the treatments (l) and (2) was slightly greater than
that of spraying three times with DDT emulsion at 2 lb. of active
incredienl oer acre. Greenhouse tests showed that the treatments
we"re only'stightly toxic to the Potato€s. Each treatment was
repeated lour times, and each plot contained one tuber with leaf
roil and one with virus Y. The tubers were planted on 2I April,
and all the plants had emerged by 6 June.

Aphids were counted throughout the season; treatments (2) and
(3) kept the plants almost free from aphids throughout the period
when they wCre present in the rest of the crop, and treatment (I)
was only slightly less efficient. Plants given treatment (2) became
aphicidal a little earlier than those in other plots.
^ Tests using laboratory-reared aphicls co-n6ned on the Plants by

sleeves shos'ed that the plants were still toic to aphids in mid-
August, although by then their toxicity was diminishing. Plant
hei[hts were measured three times during the season: treatments
(2) and (3) caused very slight sturting. Treatment (3) caused a
iiitle browning of the leaf edges. At tifting there were ooly small
decreases in yietd in treatments (2) and (3) and none in (l). There
were no significant difierences between the yields from ary of tbe
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treated plots and the control. The infector plants were rogued on
25 -lune, about a week after it had become possible to recogaize
them with certaintv as diseased. -Just before lifting, tuber samples
were taken from piants near the infectors to estimate virus spread'
The amount of spread will not be lnown until next year'

In mid-Novehber the toxic residues in the tubers after liftiag
were kindlv estimated by Dr. E. l. Johrson of the Govemment
Chemical Laboratorv. Chlorolorm-soluble extracts of the tubers
were examined for inticholinesterase activity. Tubers from the
control plots showed no activity; those from treatment (1) showed
a trace, those Irom (2) showed activity equivalent to 3 P.P.m.
" Thimet " and those from (3) activity equal to 5 p.P.m. of " Rogor "'
A chemical method showed that tub€rs from treatment (3) contained
not more than 0'l p.p.m. of " Rogor " or any other chloroform-
soluble phosphorus-ionta.ining residue. It seems likely that the
tubers contained cholinesterase-inhibiting metabolites of greater
activitv than the insecticides from which they were derived. It is
propos-ed also to make insecticidal bioassay tests for reidues.- 

The efiect of the distance between the insecticide and the tuber
on aphicidal potency was investigaied by placing a dose of 0'31 g.
o{ " Thimet '- mixed with activated charcoal at different distances
from the tuber. The five treatments were: (l) no " Thimet ";
(2) " Thimet " iust below tuber; (3) " Thimet " 3 inches to one side
;f'each tuber;' (4) " Thimet " 6 inches to one side of each tuber;
(5) " Thimet " corirbined with the fertilizer and applied evenly along
ihe row. The tubers were Planted on 2l April. Four sleeve tests
were made, the frrst on 3 June at 95 Per cent emergence of the plants
and the last on 15 July. Treatment (5) was the most effective and
caused almost IOO per cent mortality in all tests except the earliest
which shows that the aphicide did not appear in the plants at its most
efiective concentration until a little after the shoots emerged. Of
plants derived from tubers dosed individually with " Thimet",
ihose from tubers seoarated bv distances of 3 inches and 6 inches
took longer to becomi aphicidai than those in contact with it. The
greater the distance. the greater \tras the delay. Treatment (2) was
iorsistentlv more effective than treatments (3) and (a), which were
about equally effective after the first test. It is concluded that where
potatoei ari dosed individually the insecticide should be placed
is dose as possible to the tuber for maximum efficiency. (Burt,
Broadbent and Heathcote.)

Pasts oJ mustard
As part of collaboration with Dr. H. C. Gough of the N.A.A.S-

and M&srs. Colman, work started on the pests of mustard, par-
ticularlv of Brassica juncca var. Trowse, The damage caused by
Meligctihcs aeneus arrd. its related species, Ceutanhyrchus quadridms
atd"C. assimilis, on four test species of brassica, White mustard
(Brossica alba, indigenous), Brown mustard (Brossica iurcea var.
frowse, exotic, Radish (Rabhanus saliuns, indigenous) artd Chinese
czbbage (Brassica ce/nua, exolic) was studied. _ In g-eneral, the two
exotic-varieties were more susceptible to attack and damage by all
the insect pests thar were the two indigenous species. A collection
of the paraiites and predators of the pests is being made. (Doherty.)

I
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Saed rleat l4ttl tt)ith insecticides

Seed treatment with insecticides is a convenient and efiective
method of controlling some insect pests, and work was done on
methods of formulating and applying insecticides to seeds and on
their mode oI action. One of the limitations oI seed dressing is that
relatively small amounts of active material will adhere to the seed
unless special formulations are used, and various methods of apply-
ing Iiquid and solid insecticides were examirred, usiog wheat and
white mustard as test seeds. The stickers and fillers tested included
aqueous emulsions of poly.vinyl acetate and polystyrene, aqueous
solutions oI polyvinyl alcohol and methyl cellulose, polyethylene
glycol, a siliceous earth, activated carbon and various proprietary
insecticide fillers. Materials used in the formulation car afiect the
toxicity of the active ingredient, both to the insect and to the plant.
Under some conditions both activated carbon and poly'vinyl acetate
depress the insecticidal activity of " Thimet " , y-BHC and dieltlrin,
and decrease the pbytoxic effects of " Thimet " ard y-BHC. This
may have considerable practical implications, because carbon is
being used increasingly as a carrier for liquid organo-phosphorus
insecticides. The possibility that the length of time the seed-dress-
ing remains efiective may be prolonged by means of materials in the
formulation is being investigated.

Results this year confirmed that seed-dressings are more toxic
to plants and insects in sand than in soiJ. (Bardner.)

Further laboratory and field trials on the mode of action of
dieldrin and y-BHC when used as a seed-tlressing against the wheat-
bulb fly Leltahylarnyia coalctalo Fall. showed that kill by dieldrin,
probably by contact action only, occurred when treated seed was
-hallowly sown, i.e., less than I inch lrom the soil surface. These
rasults Iall into line with those in which it rras shown that most
larvae come close to the soil surface before searching for and attack-
ing a host plant, irrespective of the position of the egg from which
they hatch. Deep sowing not only reduced kill by coDtact action
of dieldrin outside the plant but also greatly reduced ki.ll by systemic
action after the larvae had entered the plant. Thus in one field
trial using wheat dressed with 0 058 mg. dieldrin per seed, the per-
centage kills of larvae which entered the plant was 64 for sowings
{ inch deep and 0 for sowings 3 inches deep.

Preliminary experiments on the action of seed-dressings for the
control of the onion fly Delia artiqua Meig. showed that <lieldrin
could prevent damage, probably because it killed the larvae by
contact before they attacked the host plant. The choice of the
und.erside oI the buib as the site oI entry, iven when the seed is sown
I inch deep, ensures that the larva passes close to the treated seed.
The evidence obtained indicated that the larvae were not killed by
svstemic action alter entry in the plant." Experiments with dieidrin seei-dressing on oat and wheat seed
for the control of Irit fly Oscindh frit L. showed that some larvae,
probably those hatching from eggs in the soil, were killed by contact
action outside the plant when the seed was shallow sown, but there
was little or no efiect when the seed was sown I or more hches
deep, There was no evidence of systemic action, and thus, in Prac-
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tice, a. dieldrin seeddressing is not likely to be of value in Frit fly
control-

The difierence in the efiectiveness of dieldrin seed-dressines for
the control of these three pests may depend on di.fierences ii.r the
environmental conditions when the ittac'k occurs and differences in
larval behaviour, as well as difierences in absolute resistance oI the
larvae. Wheat-bulb-6y larvae mav be poisoned on the wav to the
plant, and if not they go down t-o thd growing point so6n after
entry, where there is likely to be a lethal conceniration of poison
in the tissues. Oniou fly enters via the ba-se of the bulb, ani thus
is likely to go through a zone of Doison before entrv. ADDarentlv
the conditions of srowth are suih that a lethal c6ncenir'ation o'f
poison is not built up in the tissues of the onion. The frit-flv larva
may enter the plant either above or below ground and d6es not
necessarily pa.ss through a zone of poison befoie enterine the Dlant-
Once in the plant, it may feed and irot descend to the gr6\yine'point
for some time, and it is not therefore liable to be kiGd witf,iir rtre
plant, even when the conditions of srowth at the time oI the vear
allow the presence of a lethat concentiation in the tissues at the 6ase
of the plant. (Way.)

FUNGICIDES

Resulls of spore-gennin otiott lasts

Eaaporation. It is common practice when making soore-
germination tests with fungicides to contain drops of sporJ sGoen_
sions in moist chambers on microscope slides. li ha_s bien assuhed
that the volume of the drop, and hence the concentration of the
fungicide in the drop, will rema.in constant, but this is not so.
Changes in volume of drops have been followed bv mea.surins the
change in concentration of a dilute solution of dve (NaohthXlene
Scarlet 4 RS). \lhen Bdttcher's slides containins o.g,i.,.rt. droo.
are kept at a constant temperature, the volume uiuallv decreas'es
by about 7 per cent in 48 hours. The size of the loss deoends on
the conditions, It may be as much as 47 per cent: or wateir vaoour
from the water seal may even condense on the drop and increase in
volume by about 5 per cent.

Loss of uercury cor pounds or glass anl oth.er surfaus. Glass
surlaces remove mercur5r from neutral aqueous solutioni of inorganic
mercu-ry compounds. This may appreciably lower the noiinal
concentration of mercury in the course of spore-sermination tests_
The extent of these losses has been investigated: The DroDortion
o{ mercurJr lost increases with time of contac-t with the surfaci, with
the area of contact and with the degree of dilution. On microscooe
slides the losses increase witb increase in temperature in the ranle
10-25" C. The losses may occur during seriai dilution of the sol"u_
tions a,nd on the microscope slides themselves. Thus, when a solu-
tion of mercwic chloride conta.ining 60 mg. Hs/titri is diluted in
three stages to 1.0 mg. Hg/litre in soda-[lass"iubes, the toss in
strength- of the final solution is about 25 per cent. When 0.3-mt.
drops of mercuric chloride solution, contiinine 1,0 me. Hg/litre-
are placed on glass Bdttcher's slides under cove-r-gla-ssesl the"iorre,
are 15 per cent in 15 minutes and 60 per cent ii 24 hours. The
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combined loss from bottr stages (tubes and slides) is over ?0 per cent
in 24 hours. Cavity slides have been made from perspex and poly-
st,,rene sheet. The losses on perspex slides are almost the same as
on glass; it is likely that the losses on polyst5nene will be less.

The uptake of phenyl mercuric acetate by glass from neutral
solutions is small. Thus, the loss on Bdttcher's slides from 0.3-ml.
drops containing 1.0 mg. Hgilitre is only about 7 1ler cent in 24
hous, compared with 6O per cent Ior mercuric chloride. The loss
on perspex slides is about 35 per cent.

Spores take up mercury rapidly from solutioD, so that in a spore
germination test the mercury will be taken up by the spores and by
the surface of the slide as well. The same may be true oI other
water-soluble fuagicides.

The efect oJ tcm!*ature on thz taricity of Jungicides
Five shains of. Bolrytis fabae Sardiia were obtained from other

laboratories and tests made to determine the temperature coefficient
'of toxicity of aqueous solutions of mercuric chloride to spores of
these strains, and to one strain of Eollis ciwrea Pes. ex. Fr. and
orle of Sclerolinia lara Aderh. & Ruhl. With none oI these fungi
was the temperature coefficient (10-25" C.) of a significant size, so
the results obtained earlier wittr mercuqr salts on ihe Rotha.msted
strin of B. fabaa seem to be peculiar to that strain. (Mclntosh.)
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