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INSECTICIDES AND FUNGICIDES
DEPARTMENT

C. Portrn
Miss Pauline Smith left the department during the current year,

and has been replaced by Mr. R. Bardner. Following visits by
Colombo plan students to the department, Mr. Kirthisinghe of
Cefon, one of the students, arranged to work here for three months.
Mr. Bernet of Switzerland is working in the department for slx
months.

Cnrurcer
Phjtsical chemislry

Particle size attd loxicity ol st s?e$iqns of co act insecticides.
This work has been continued and very nearly completed.
In the past the toxicities of colloidal and crystalline suspensions

of DDT and its analogues have been compared by dipping insects
in them Ior a few moments. After this the insects are taken {rom
the suspensions with poison sticking to them, and are kept for a day
or more till counts of kill are made. The amoults of poison retained
are not necessarily the same for difierent types oI susp€nsion.

Methods have been worked out for washing the poison from
treated iasects and chemically analysing the extracts. In this way
it is possible to ind out exactly how much poison is retained by the
insects. Retention by adult grain beetles (Oryzaephilus suritra-
mensis L.) seems to be purely mechanical, depending on the size
and shape oI the poison particles in the suspensions, and not on
any other properties. Thus, crystals of difierent poisons but of the
same size are retained equally well. Needle-shaped cr,sta.ls are
retained better than plate-sbaped crystals. Poorest retention is
found with plate-shaped crystals oI about 25 F; particles smaller
or bigger than this are retained more efrciently. With some
compounds there is no method for micro-analysis. In such a case
the retention can be guessed by comparison with another compound
that has analysable crystals of the same size.

The results of all comparisons of toxicity already made u'ith
compounds of the DDT type have been corrected to allon'for
differences in retention amongst the suspensions.

When this was done it was found that, although colloidal poison
was always more toxic than the same poison in crystalline form
when the insects were kept cool after treatment, the size oI the
difierence in toxicity still varied Irom one DDT analogue to
another,

Two qualities that might influence the size of the difference in
toxicity were mentioned in last year's Report. If the crystals
of a compound dissolve very slowly (compared with the deposit
from the colloidal poison) in the wax of the insect cuticle, or if the
colloidal suspension gives a deposit on the insects that crystallizes
out slowly, the compound is likely to show a large difierence in
toxicity between crystals and colloid.
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The corrected results oI a great many tests made in the last three
years have now been examined; the only compounds in the DDT
series that show a large di-fference in todcity between crystals and
colloid are those that bave bolh the above qualities. One quality
or the other on its own is not enough; the reason for this is not
clear.

This subject is reviewed in a special article on page 176.
Te Pelalr+/e coefi,cienk oJ bill by rolalile solid insccticides.
The temperature at which insects are kept after treatment is im-

portant in deciding the kill. With contact poisons, lower tempera-
tures a{ter treatment often give higher kitls, i.e., the temperature
coemcient of kill is often negative. With commercial insect fumi-
garts lo\*'er temperatures of exposure sometimes give higher kills,
but this is unusual.

Three volatile solid insecticides (DFDT, r-BHC and aldrin)
were tested against two species of Brain beetle (Oryzaephilus surina-
mensis L. and.Tibolium castareum Hbst.) at two exposure tempera-
tures (30" C. and lI" C.) in simple laboratory fumigation tests.
DFDT killed both species faster at ll" C. than 30'C. ; 7-BHC killed
O. sutinamensis faster at lIo C. than 30' C., but I. caslafleutn faster
at 30' C. than llo C.; aldrin kiled both species faster at 30" C. thanrr c.

Biochemical
The investigation on insect esterases and their inhibition bv

organo-phosphorus compounds has been continued by K. A. Lord ani
C. Potter, with the assistance of D. Holbrook. The comparison of
the relative todcities of para-oxon, TEPP, parathion and two
oI its analogues, reported last year, has been completed. The
inhibitor power of the five poisons has been determined on choline
esterase and a general esterase that does not hydrolyse acetyl choline
derived from each of the four species of insects Blalelf,a getmanica L.
ad':lts, Tenebrio ,nplilol L. adults, D1sd.ercus Jascrarrt Sign. adult
males and Tribolium castsneurn Hbst. adutts used iu the toxicity
tests.

In general, the poisons are more active inhibitors of the enzl'rne
which does not hydrolyse acetyl choline, although this is not so in
every case. The inhibition data suggests that both kinds of esterase
difier from species to species. This work is being prepared for
publication.

Work is now in progress on the variations iu amount and be-
haviour of esterases on difierent instars and species of insects. A
short publication on this subiect has already been made. In
addition, an attempt is beiog made to determine the location o{ the
esterases in the insect tissues, and techniques are being investigated
for isolation of the esterases from insect extracts and studyine tbeir
properties. This work is intended to provide a ba.sis for ihdstudy
of the in vivo action of organo-phosphorus compounds.

In connection with the studies on the action of svstemic insec-
ticides on bees and on the use of systemic insecticides to control
aphids on sugar beet, a little work has been done on the behaviour
and action of organo-phosphorus compounds within the plant.
This work may be extended.
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Organic chemislry
M. Eliott and P. H. Needham are continuing the work on the

relationship between the insecticidal activity and the chemical
constitution of pyrethrin-like compounds, and a publication is in
preparation. In connection with this work two new routes to bio-
logically active compounds of the pyrethrin type are being developed.
It is hoped that it may be possible to produce toxic compounds
more easily by these routes than those at present available, but
the work is not sufficiently ,ar advanced to give details at present.

In the course of this work some pure organic chemistry of general
interest was carried out, of which a short account is given belorr'.

Ultru-dolel absothlion of uttsaluraled compounds rdaled to suacinic
anhydride. In the iteporf for I95t (p. llTj it was stated that rso-
alkvlidene succinic anhvdrides show maximum absorption at
2,fiO ^A. (ethanol), wheieas the corresponding acids Iiave r.-,.
2,20O A. (ethanol). The table belorv shows the ultra-violet absorp-
tion ma-xima of compounds select-ed to investigate this phenomenon.
Since crotonic acid (r*. 2,130 A.) and crotonic anhydride (\'Ill)
absorb at the same wavelength, it is improbable that conjugation
is transmitted tfuough the anhydride (-O-) oxygen in the latter
compourd and, therefore, in compounds (II), (IV), (VI) and (\'ll):
moreover, ).*,. for the svstem MeCH=CH.COR is the same whether
R be (--{H) or (-O-). Again, maleic acid and maleic an}rydride
(VII) have almost the same 1-,, indicating that an endocyclic
double bond does not produce a bathochromic shift in the anhydride.
To eliminate the possibility that an enolic structure, (IX), might
contribute to the absorption spectrum of (II), the infra-red spectra
of (II) and of (VI), which could not enolize, were compared (gratitude
is expressed to Dr. L. Crombie of the Organic Chemistry Depart-
ment, Imperial College of Science and Technology, for these measure-
ments), but no bands in the hydroxyl region were found with either
compound. Woodward (J, Ama- chem.Soc.,1942, 64, 76), collected
data to show that o.g-unsaturated ketones with exocyclic double
bonds had maxina nearer the red than corresponding compounds
without exocyclic double bonds. It appears, therefore, that an
exocyclic double bond coniugated with the carbonyl group of an
anhydride a.lso exerts a bathochromic effect in comparison with
related crp-unsaturated acids and anhydrides without exocyclic
double bonds.

The ultra-violet absorption spectrum of a fulgide such as (VI)
has not been prgviously determined. The very broad absorption
band (r-,. 2,760 A.) is obviously related to the phototropic properties
of the fulgides with phenyl and other aromatic substituents.

The constituents of ?trclhlum f.ouels. Work on separation of the
constituents of extract or pl,'rethrum flowers has been continued.
The technique of displacement chromatography has been applied
to the problem, and by its use J. Ward has separated the four known
active constituents from each other and from some inactive con-
stituents of pyrethrum extract. The separation was achieved by
adsorbing the pyrethrins on activated alumina and eluting with a
solution of stearic acid in normal hexane. A note on the process
has been published. Later work was directed to achieving a separa-
tion on a larger scale. DifEculties were encountered in scaling up
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StructureCompouod

I. isoPropylidene soc-
cioic acid

)*- (r.)
2,210 9,400

I\-

II. isohopylidetre suc-
cinic anhydride

III. y-Eexyl r-Erethyl
itaconic acid

y-Hexyl 7-methyl
itaconic anhydride

Tetrarncthyl fulgic
acid

Vl. Tetremethyl fulgidc

VII. Maleic aDhydride

vtII. Crotonic anhydride

IX.

Mc.
\=q_co,H

Eexyl' IcH,cqlr
Me.

',c=c-co.Hexylt I )O
cH,co/

Mer
/c=C-{orH

Me/ |Me. I\c=c_corH
Md
Me

\c=c-co.My'l\Me, I ;o
-c=c--Co'

Me/

2,250 8,730
(methaDol)

2.350 r 2,600

2,200 15,000

2,190 r2,ll0
2,7A4 1r,600

Relative
LD 60yoslv potency

0.0020 10,00
0.0010 2,000
0.0050 {00
0.0026 769
0.0250 8.0

cH--{o. 2.130 8,0u)
ll )o 2,130 (etheDol)
cH--co/ 10,300

(hexeDe)

UeCH:CH-{q z,t$ 21,00
)o (hei.De)

MeCH=CH-{O/
Me.

\c=c-co.M{l\o
tr:.=c(\ott

the process, but about 100 mg. of cinerin I and 300 mg. oi pyrethrin
I have now been obtained. Certain physical constants of these
materials have been measured and their dinitrophenylhydrazones
prepared. An automatic fraction collector is being built, and the
chromatographic work will be continued as soon as this is completed.
A rough assessment of the biological activity of these four com-
pou[ds to mustard trcelles, Phaedon cochleariae Fab., hx beeu made
by P. H. Needham. Their relative toxicities were as follows:

(:inerin I . .
Plrethrin I . .
Cinerin II . .
Pyrethrin I t

M6.
)6=q-co.nMe,, I

Cx,co.n
Me.' C:Q-Co\ 2.350 t 2,600
Me1,o

cHrco/

-\llcthdn
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BroLocrc,tL
Pyrclhrut

(a) In addition to the work already described on this subject,
members of the department have taken part in a collaborative
study on the insecticidal activity oI strains of pyrethrum. This
work is in preparation for publication.

An estimation oI the activity o{ a strain of flower collected from
Aden has been made by P. H. Needham at the request ol the Colonial
hoducts Advisory Bureau, with results as follows :

P?oiodions of Pyrelhrin I and Pytcthrin II in sarn?le lreatcd
Erlract of froucrs horn Adcn 

%
Pyretbrio I .. 0'35 w/v
Pyrethrio II .. .. .. O.f0 w/v.

Total pyrethriB .. ..
E raet su??ti.d b! Coo?er T.chnicol Bt r.a&

O.5l * /v.

.. 13.67 r,/v.

.. 10.99 w/v.

Total pyretbiins .. .. 24.66 */v-
Relqtioe laaicities cgaizsl Tenebrio molitor

llearared drop, Injection,

.. 0.100 0.120

.. o.r22 0.130
,. 0.950 0.480

PFethriD I
Pyr8thrin II .. ..

Aden extract .. ..
Cooper's extract
Allethrin

ConcentratioEs oI total p]'rethriDs required to Sive 50 P€I cent kill.

(6) A study of s1'nergism of the pyrethrins has been started by
C. Potter, K. A. Lord and D. Holbrook. The object of this work is
to investigate some of the biological and physico-chemical factors
that influence sy'nergistic action and at the same time to obtain
detailed information on the performance of some particular syner-
gists Eith the pgethrins, So far, performance curyes have been
obtained for the slmergistic action of piperonyl butoxide (technical
material containing 80 per cent of 3 : 4-methylenedioxy-6-propyl-
benzyl (butyl) diethylene glycol ether) and Sulphoxide (z-octyl
sulphoxide of rsosafrole) under one set of experimental conditions
nsiig Tenebrio malitar L. adults as test subjects and prelirninary
data using Blaklla gnmanica L. adults a'nd Phaeilot cochleariae
Fab. adults.

Investigations were dso carried out on the synergistic properties
ol M elaleuca bracteala Ntell. oil sent to us from Kenya by Mr.
Gilbert Walker, and a performarce curve has been obtained, using
T. uolil,or adults as the test insect. Further investigations are to
be carried out on B. german:ica tnd P. cochleariae when these insects
become available.

Bioassay t*hniques
Measurd drop and injecticn technique. The range of applica-

tion of the micrometer syringe used for these bio-assay technigues
has been increased by a modification Permitting the raPid reproduc-
tion of doses do\*'n to 0.0OO125 ml., utilizing the clicking device
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described la-st year. A variety of media can be employed with this
apparatus, including water, odourless distillate and acetone.

The use of the 0.000125-ml. drop enabled the aphid Megowa
oiciae Buckt, to be added to the list of suitable test inaects.

Film mathod, for cot tacl Poisons ot glass-climbing insecls. Con-
tact insecticides are often tested bv a film method: a surface such
as paper is sprayed with an insecticidal preparation and then allowed
to dry, giving an even film on t}te surface. Insects are allowed to run
on the treated surface. This method is suitable for flat surfaces and
for insects that cannot climb the smootl vertical surfaces that are
often used to conta.in them on the film.

During the course of his work on particle size effects, A. H. Mc-
Intosh had occasion to compare a number of contact poisons as
residual films, and he and Mrs. Macfarlane developed a-technique
for this purpose which can be used with species of-insect that can
climb smooth surfaces. The technique is also of general application.

An even film oI insecticide is made on a g+m. circli-of filter-
paper. When the paper is dry, it is lolded loosely in half and the
edges lastened together with an Emgee " Multigrip " rotary paper
crimper. A small opening is lelt at one end. Through ihG ihe
insects are inserted into the paper, by way of a glass funnel if necessary,
Fifty adult Oryzaet'hilus surinamosis L. are used for each papei.
The opening is closed by crimping, and the paper is stored it con-
stant temperature. The irsects are quite unable to crawl ofi the
treated surface. The method is simple to use. The papers do not
take up much constant-temperature space; they can 

-be 
stored flat

or upright. Repeated cleanirg of glassware is unnecessary. If
more than one count of kill is needed, the pap€r can be opened and
crimped atain several times.

l'he efect of bio-assay technique on lelotive to*icity. During some
recent routine bio-assay tests on some extracts of-difierent ;trains
of p]'rethrum flowers, for the Colonial Products Advisory Bureau,
in which " allethrin " was used as a standard reference insecticide,
an interesting point arose concerning the difierence in relative
toxicitl, of allethrin and natural pyrethrins when injected and applied
topically.

fhi5 ic row being investigated more fully, and a note on it will be
published in the near future.

Bio-assay of Phos?horus insecticides. Since organo-phosphorus
compounds are being extensively used in the departmental field
experiments, it seemed desirable to have detailed information
on their insecticidal action. A series of laboratory tests have there-
fore been started to investitate the relative ihportance of the
contact, stomach poison and Iumigant activitv of aieries of organo-
phosphorus insecticides witb systemic action including " Svstbx ".
" iso-Slstox ", schradan, " N.C.? " and parathion.

The contact activity of these poisons has been investigated
agaimst Phaedon cochleariaeF. and, M egoura ricia, Buckt., and it is
intended to add also Alfhilobits laevigatus F. arrd, Diataraxia
olqacea L. latyae.

The investigation of all three factors wi.[l be made against
Dialarcxia oleracea L. larvae with which a start has been mide on
stomach-poison tests.

II a suitable technique can be arranged tot fceding known doses
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of poison to an aphid, Megoura oiriae Bttckt, will be included in the
stomach-poison tests.

Toxicily arui percistence oJ insecticidal deposits

Work on this subject was continued by J. Wad and?. F.-Burt
during ttre first balf of the year. Thereafter the entomological side
of the-work was taken over by M. J. Way and E- M' Giilham.

Microscooical technioues were investigated in order to fird a
method ot dbservine thd very small crystals of DDT which have
been used. It was iound that the most satisfactory method was to
mount them ir glvcerol or water and view them with dark ground
illumination. Ii ihis way it is possible to foUow the evaporation of
the crvstals on slides stored for diferent periods.

The deposits formed wben various types of emulsion are sprayed
were studiid. It was found that an emulsion of 25 per cent re-
crvstallized DDT in xvlene gave a deposit with crystals ot about
the same size as thos6 in tEe suspensions previously used The
crvstals aDDeared over a period of about 6 hours from the time of
.oiavine-'ihe toxicitv o:f these deposits to Tribolium castaneurn
fiu.i.,5" both glass aird leares, wai of the same order as that of
deoosits from suipensions and the rate at which toxicity decreased
wh'en the depositd were exposed in a glass-house was also about the
same.

The work described in the Annual Report for 1952 had suggested
that the main cause of loss of toxicity of DDT deposits under our
exoerimental condilions was volatilizrtion of the DDT. Further
evi'dence tbat this was so was obtained by exposing sprayed plates
in a still atmosPhere and in a draught {rom an electric fan.. It
was found that ttre plaies in moving air lost their DDT more -than
twice as rapidly as those in still air. An attemPt- was- made .to
reduce the iate ot evaporation of DDT by mixing it with a resin.
An emulsion was rnade of a solution in xylene of equal weights of
DDT and of " Arochlor 5460 ", a chlorinated polyphenyl resin.
This formulation produced a deposit consisting o[ droplets of a
viscous liquid whi;h did not crystallize even after several weeks.
On e-xoosuie to hieh temperatuies and to sunlight, however, DDT
was l6st at least 

"a-s rap'idly as lrom crystalline deposits.- It is
t housht that a mixture containing a larger proportion ol resrn may
provE more successfirl, and this will be tested in due course.

The nechanism of sel'ection oJ sbains ol insect lesista?tt ti insecticides

F. Tattersfreld and J. Kerridge have continued theit work on
this subiect. Two papErs eivinian account of work carried out
in orevi6us vears hivi beei published it lhe Annals oJ A?plied
Bi,ilogt - ,\ iumber of issues aiising out of previous t'ork have been
examined.

Problems arising from the CO"-sensitivity of. the 
- 
strain of

Brosobhila melanapasler Meig. used have been investigated.
rri A pretiminirv seriesif tests showed that these insecrs could

be ) ionditioned ", i.e., by administering sub-lethal doses of COr,
the insect for a period sho'wed an increased resistance to the toxic
efiects of this gas.
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A more elaborate experiment on a stock of insects which, how-
ever, were not of the highest susceptibility, in which successive
increases in concentrations of CO, were adm.inistered at 24-hour
intervals for four days showed on statistical analvsis that the
average proportion surviving was sigrri6cantly greater than in the
case- of fresh insects. M. J. R. Healy of the Siat-istical Department
confirmed this finding by ihe use of I more rigorous analyiis. Cer-tain other points emerging from our analvses. and those of
M. l. R. Healy, wi.tl need Jurlher investigation.-

(6) A series of respiration experimenti wilh strains of D. melano-
gaslez sensitive and non-sensitive to CO" at temDeratures of aooroxi-
mately 15' C. have not indicated ariy diffeience betweeri'them
in rate- of-respfuation of sufficient signiicance to account for their
marked differences in sensitivitv -to CO". The investisation
however,- showed up grave imperf&tions in ihe ;;e;i 6irtqi;;
employed.

Tests were undertaken tq ascertain whether D. mel,anopasler
could be " conditioned " to the ef{ects of insecticides. The w6rk is
in p-rogress, and data obtained by the application of DDT and BHC
to the adults are being examined. So ffi the results do not indicate
that such is the case.

- We ge being competled to undertake experiments on the effects
of certain environmental factors such as food. etc.. uoon the viabilitr.
ol D. mdanogaster adults and on their resistance^to DDT. pre-
Iiminary investigations have shorn that some of these factors are of
considerable importance, and it is proposed to extend the investiga-
tions.

At Professor L'Hdritier's suggestion we undertook during the
autumn to examine Drcsofhila m.clanataslez Meis. caotured in d"iffer-
ent localities to ascertain how widesiread *as" their susteotibilitv
to COr. Dr. H. Kalmus, of the Gatton Laboratorv. whci t tati-
undertook to arrange the trapping, and Miss I. Kerridse have founi
that such sensitivity is widespread wi th this in-sect, confirming resul ts
obtained by Prolessor L'Hdritier.

Insect rcaring

Fourteen species of plant-feeding insects and eleven species oI
red-products insects were reared -during the year. Foui speciesthe year. Foui speciesstored-products insects were reared

were added to the previous year'ryeart list :- the 
-" 

Khapra " beetle,
i.; the willow aphid. l'uberolachnusTrogod.erma granariim Everts.; the willow aphid. 7'ub,erAiiiiil,

saligna Gmel.: the. ladybird beetle, Coccitrella- sepicmpunctata F-;
purratata is being reardd in
on the Dests oI field beans

saligna Gmel.: the ladybird beetle, Coccitrella- sebicmbunctata i-:
and the wheat bulb fly, Leptohylemyio coarctata Fa|.' C- sebten_
Puu.tala is being rea_red in connection with the fteld experiri.rents
on the pestson the pests of field beans, and t}Ie wheat bulb flv is bei;e reared
in order to provide material for insecticide tests on ihe contr6l of the
insect.

J. Kenten has continued her work oD the faclors influencine
the production of the various forms of the aohid Acyrthosibhni
pisum (Haris), and has made observations throushoit the'vear
on an unidentified species of Phaerobremia (Cecid;mvidae) w"hich
causes considerable damage to the laboraiory culiures'of the
aphid Maoosiphoniel.la saiborni Gill. The foilowins is a shorr
progress report on the observations and experiments oi the biologl.
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oI the four species (a\ Cocinella se?krn|unetala F., (b\ Phaenobemia
sp., (c\ Acyahosiphon fisumHarrii, ([l Lcplofulemyia coarclalaFaJ]. :- (i\ C6ccinehi seftempwtctata F. An attemPt wa-s made to rear
Cocciiu,lha sebternbunctato F. in the laboratory for use as a test
insect for thi stuLCy of insecticidal action. It-was found difficult.
however, to rear the large numbers that would be required for this
purpose owing to the laige quantities of aphids necessary for food.
it was also found that [he adults were very erratic in their egg-
laying habits when kept under greenhouse conditions, which
susee-sts that it mieht b-e difficutt to ensure an all-the-year-round
sui-plv. However, 

-P. Forbes has been able to rear a series of
sii g6nerations throughout the year by keeping some insects at
constant temperatures of 20' C. and 24" C. and under continuous
illumination. 

- It is considered therefore that should this insect be
reouired it could. if necessarv, be reared in moderate numbers
throughout the year, but that ii would not be practical to rear it as

a test insect for general purposes.
ftl Phaenobimia sp. Observations have been made through-

out'tile vear on an u;identified species of Phaenobreuia (Cecido-
mvidael. a oredator of the aphid Mccrcsibhoaiella sanbozzi (Gillette),
w6i"f, iiuri" considerable damage to tha laboratory cultures of this
aphid. The midge larvae were first observed attacking the aphid
cirlture during Miy, and from an initial stock of about twenty larvae
five seneratio-ns of midees were reared in the laboratory, the last
mideis emersins durini October. A complete life cycle took from
four"to five 

"weiks, of-which (very approximately) the egg stage
took four to five dats. the tarval staga eight to fifteen days, pupal
stase thirteen to siiteen davs. The leneth of life of the adults
wd verv variable (probablv due to an imierfect rearing technique)
and mairv died afder one t-o two days; a number, however, lived
{rom Iouiteen to seventeen days, and on one occasion an unfertilized
female lived for twentv-thre'e days. This particular female was
dissected after death anh found to contain l16 fully developed eggs.

No larvae was ever obtained from unfertilized Iemales.
It was not found possible to induce midges to lay their eggs on

bean plants bearine iphids Aqrthosibhon fisum Haris or Aula-
codhaim circumflexvl Buckton.- They would, however' lay their
eess on chrvsanthemum leaves bearing no aphids. and on cotton-
rioil strandi, and the resulting larvae fed readily on A. pisum *td
A- circumfleius, and in both cases adult midges were obtained.

k\ A;lvtho;;bhon bisum Hz;ris- Experiments to test the
effeidof diftereni photo:periods and temperaiures on the reproduction
and oroduction oi varibus forms of the aphid A. fisum have been

disco^ntinued. lt was found that this aphid will readily produce
sexual forms at temperatures below 20o C., if parent apterae are given
a dailv rrhotoD€riod-of 8 hours durine the period from birth until the
last iiri.einal'moult. If, however, parent apterae received a daily
phoiopeiod of 16 hours during this period they pruduced only
'narth6noeenetic forms, In both instances the treatment the parent
lphids rdeived after their last imaginal moult had no efiect on the
oioportion of sexual ofispring they produced. The temperature
ivhich favoured the optimum production of males differed from that
which favoured the 6ptimum Production of females. - l!9 lalgest
numbers of male ofisfring were obtained at 19-20' C. (2G3O per
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cent), of females ar Il-13'C. (50-80 per cent). No sexual forrns
rvere obtained at temperatures above 25-26" C.

The length oI lifi of the aphids increased with decrease in
temperature from approximately twentv-two davs at 2g-jo" C. to
approxim-ately 140 days at 5-9"C. Maximurn repioduction occurredat 19-20" C., where arr average of seventv-seven to eishtv-six
ofispring were p-roduced per parent. Above a;d below this tEmirera-
ture the reproduction dropped to none to sixteen per oareit at
29-90" C. and twenty to -tlirtyJour 

1)er parent at'5-9.^ C. The
ofispring- produced by aphids [ept at- 29-i0. C. from birth were
abnormal, iT that their nymphal-period was frequently prolonged
ano t-bat when mature they were considerably smaller than was
usual-

(dl Leplahylemyia coarclata Fall. An attemDt is beins made to
rcar Leplohykmyia coarclata Fall., the wheat butb flv. in tie labora-
tory on a Iarge scale. Pupae were obtained from Di. H. C. Gousn
of the National Agricultuial Advisory Service, Cambridge, shortiy
before the flies emerged at the beginning of .lune; of thei approxi-
mately 50 p€r cent produced adrilt fli6. These flies were lipt in
the laboratory under a variety of temperature conditions in'two
tlT)es of cages, muslh-covered cages '(2 ieet x 2 feet x 2 feet)
and in cages made from hurricane l"ameela-sses. The maioritv oi
the flies received a diet of three foods:'h6ney, condensed iritt a"O
blood, a number, however, were given other-diets. i.e.. Bolril and
honey, Bowil and condensed milk, condensed milk'and honev
blooil and honey, honey, blood; these Aius ,u".. t"pil" k;;i;;
cages. EggJaying commenced at the besinnins of lulv. ar,'d ""orr-
tinued, in some instances, until October.- The "eees"weie co[ected
every two to three days ard counted. It was foiind that the flies
rn the lampglass cages receiving a diet of the three foods (honev
condensed mi& and-blood) prod'uced manv more ;"; thil ;ili:;
the qles kept in tle large muslin cages .eciivine the-ihree foods or
the flies kept in tie lamp-glass cagei receiving fhe other diets,l.e. :

Eggs pe! {eBale
ll5-242 for dies in lampgla_as cages led on three {oodso-ts for flies in lamir-ilass caies fea on other aijts10-35 for fies in muJli; cages ied on tbree foodj

(app.oxJ

_ The eggs obtained from these flies and from other flies causht in
the field, were placed at a number of conditions of t 

"-ialti- ."atem-perature to find the conditions necessary for optimum suririval.
So far, it has been lound that at temperatu'r"" of iOt C. ana ,Uo""
!f9 "tg" "oon 

become iDfected with rirould, and at B0; C. the eses
did- _no,t develop at all. At relative humiditie" ,f 96 ;; ;H't
and below (at 20" C.) eggs became desiccated and coUaosedl Some
ol the eggs are receiving a variety of temperatule treaiments in anattempt to break the diapause oI'the egg.-

The efecl of llaN-proteetfue chemicak on pollirrating irrsects

- . D. Glynne Jones and J. Connell have continued their work onthis subject at Seale-Hayne Agricultural Collese. The bio_a_sa"ol vanous chemica.ls has been cbntinued, and tf,ose tested indude
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melathon, " Plrolan ", endrin, " Systox " and " N.C.7 " (Peat
Control Ltd.). 

- 
The results may be iummarized as foUows :

mB. /bee
.. 31.6 x loj
.. 137.8 x lf
.. 141.3 x l0-'
,. 147.8 x 1tr3
.. 359.3 x l0-:

mg./sq. cm.
,. 107.2 x lO-
.. 454.3 x l(F5
.. 495.7 x lfi{
.. 512.3 x lr
.. 1230.0 x ltr!

No fumigant or residual contact efiect is to be expected when
these chernicals are used at normal field concentrations.

The possibility of the active ingredient of " Systox " contaminat-
ing nectar following foliar applications has been investigated
using radio-tracer techniques in collaboration with Dr. Thomas of
the Long Ashton Research Station. The rate of translocation
from treated to untreated leaves was shown to be much slower
than for schradan, and the amounts appearing in nectar are very
small. The in!'estigations into the action oI dusts on the water-
proofing mechanism of the honeybee and other adult hy,rnenoptera
has been continued, and are now being prepared for publication.

Evidence has been offered to the Zuckerman Working Party
considering the efiect of todc chemicals on wild life.

FIELD ExPERIUENTS

Conlrol of Aplis f.abae on feld beans

M. J. Way assisted by P. H. Needham continued the work on
this subject. As a continuation of the 1950-52 trials, an account
of which has been sent in for publication, a more ambitious experi-
ment was laid down to compare parathion, " Systox " ard DDT
sprays lor control of bean aphid, Aphis fabae Scop., on ield beans.
Replicated plots of spring and autumn sorrn beans $'ere planted,
and tractor-&awn farm spraying machinery was used to apply the
the insecticides. Unfortunately the aphid infestation did not
develop. Only one insecticide treatment was applid, and this
showed that the spraying machinery, comprising a spray boom
with drop bars, gave satisfactory coverage of the crop. The experi-
ment is to be repeated during 1954.

A small-scale replica of the main field trial was laid out on thc
Garden Plots. Shmbs of spindlewood, the winter host of A. fabae.
were planted near by. These were attacked by the aphid, and from
them many alatae migrated to the beans during June. However,
due to the cold, wet weather, aphid colonies did not build up, and
counts of flower, pod and seed production on sprayed and unsprayed
plots showed that the aphis attack had no efiect on development
oI autumn so*al, and little efiect on the spring sown, beans.

In three small field trials at Woburn and at Rothamsted bean
H

trIalathor (LD5O/24 hours)
" Pwota.n r' :. ..' .. ..
Endrin ..
" Systox " (active ingredieDt)
" N.C.7 "

Contact poison
MalatboD (LDsO/2{ hou rs)
" Pyrolao "
Endrin ..
" Systox " (active ingredient)
" N.C.7 "
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aphis control was attempted with seed and soil treatments of the
systemic ins€cticide " Systox ". The insecticide was applied as
seed &essings or as a soil treatment in the seed drill at the time of
planting in early March. The seed dressings, which comprised
relatively low doses of " Systox ", had no recognizable efiect on the
sma.ll aphid attack which developed in June and July, but the soil
treatment kept the crop practically free of aphids until it was har-
vested in August. It is interesting that all treatments were toxic
to the adult p€a and bean weerril, Sitoza liwata Linn., and markedly
reduced feeding damage by this insect during May.

Ef*t of insecticides on the afhid-parasite-fredalor comllex
In conjunction with the Entomolog-y Department a preliminary

attempt was made to assess the impoi[ance of ccrtain aphid para-
sites and predators in reducing aphid populations on 6eld beanssites and predators in reducing aphid populations on
and on a brassica crop. Laboratory exlxriments s
0.3 per cent w/v. calcium arsenate sprayed on aphid infested
cabbages and field beans had little effecl on Myzus fersicae Sulz.
and n6 efiect on Aphis Jabae Scop. The insecti;ide was, however.
toxic to Braconid parasite adults and to Coccinellidae, especiallv
the larvae. In view of this selective efiect the insecticide was used
to treat small plots of beans and cau.liflowers at fortnightly intervals
from the beginning of June. Predators were relatively scarce, and
no Braconid parasites were recorded on the beans. The insecticide
reduced the Coccinellid population almost to zero, but appeared to
have little efiect on Syrphid larvae. The A. Jabae popdation rose
higher than that of the untreated control plants, butlhe experiment
was spoilt by severe phytotoxicity caused by the calcjum arsenate
during humid conditions in July. This phytotoxicity had not
shown up io the laboratory trials.

On the caulidowers a few colonies oI Brcoicorvte brassicae Linn.
and, M. persi.cae were recorded, but in both tieated and control
plots the numbers fell almost to zero in September, after reaching
a peak of around fifty per plant in JuIy. Occasional Coccinelliii
adults, Syrphid larvae and Braconid parasites were recorded on
clusters of B. brassicae. No Coccinellirl eggs or larvae were found.
It seemed that unfavouable weather was responsible for the
scarcity of aphids, which never beca.me sufficienlly abundant to
attract signifiaant numbers of parirsites or predators.

l|'heat bulb fly
Field trials on the protection of wheat against wheat bulb fly

(Lcflohylemyia coarclata Fall.\ by the use of lnsecticides have hail
little success so far. M. J. Way and R. Bardaer have started work
on this problem. The most promising method would seem to be
the control.of the newly-hatched larvae at the stage where they

exlxriments showed that

closely controlled
enter the wheat seedling. To gain further informati6n under morl
closely controlled conditions than hitherto. a small-scale exoeri-than hitherto, a small-scale experi-
ment is in progress, using wheat planted in seed-boxes. Knbwn
numbers of eggs, obtained from flies kept in the laboratorv. havenumb€rs of eggs, obtained from flies kept in the laboratory, have
been placed in the boxes, and the efficacy of several insectiaides in
numbers of eggs, kept i

various formulations in reducing the number of infested plants is
being tested. For any treatmant to be practical economicallr..
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tle insecticide would probably have to be applied at the time of
ryymg in the autumn to control larvae wliich hatch in earb
February, and preliminary experiments on the effective persistence
of soil insecticides for this length of time are being carried-out. The
possibfity that soil insecticides might have an appreciable ovicidal
action on the eggs is also being investigated. The rate of progress
of the above experiments could be much greater if satilfac1ory
methods ol breeding the flies all the year round in the laboratory
can be devised, and the work on this subject is described in the
section on insect rearing.

Some work is being done on the structure and properties of the
egg-shelt, rvhich may be of use in connection with survival in the
field and the action of ovicides. Histological work is also being
done in conncction with the experiments on diapausing eggs.

Conbol of the t)ectors of potato lirus
P. E. Burt of this department, in conjunction with L. Broadbent

of the Plant Pathology Department, continued the experiments on
the control of virus diseases of potatoes.

In l95l-52 an experiment was carried out in which plots of
potatoes, each contahing some plants infected with leaf roll and
some with virus Y, were sprayed with various insecticides in an
attempt to control the aphid populations and to prevent the spread
of the virus diseases through the crop. The results of these experi-
ments (see Annual Report f952, p, 87) were encouraging, and a
further experiment on similar lines was carried out in 1953.

The treatments used t'ere a DDT suspension, and emulsions of
DDT, endrin, malathon and " Systox ". Nine applications were
made during the period 29th May 1953 to 4th September 1953.
Modifcations were made to the sprafng machine used in the
l95l-52 experiment according to a specification drawn up jointly
by the department and the manufacturers. This has enabled much
better crop coverage to be obtained, especially on the undersides
of leaves. There was a very high aphid population in the control
plots in July, which was efiectively reduced by all the treatments,
" Systox " and endrin being most efiective. For example, the total
aphids count on 23rd July on 120 leaves u'as 3,929 in the control
plots, eight in the endrin treated plots and none in the " Systox "
treated plots.

An estimate of the amount of virus spread will not be available
until next year. Further information on this series of experiments
on virus control is given in the report of the Plant Pathologv
Department.

Control of wiratorms

The experiments started in the autumn of 1951, in collaboration
with F. Raw o{ the Entomology Department, on the direct and
residual efiects o{ a number of insecticides on wireworms have
produced interesting resuits. Large diferences in the residual
efiects of the difierent treatments are apparent in this, the second
year after treatment. The Iollo*-ing figures have been obtained
for the yields in autumn 1953 :
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Yield of grain in aot.la*e, Aulumn 1953
TreatEents

Autumo 1951 : Udtreated S G A
MeaD (+ r.60) .. 21.6' 22.9 3O'2 34.6
Inuease (+ 1.84) 1.3 8.6 r3.0

C D uean
32.9 20.1 26.5
ll.3 5.1

* l: 0.s2.
S : BHC seed dressiBg at 2 oz. per bushel of the &essirg.
G: 3.5 per cent BHC dust combine drilled with seed at 56 lb./acre.
-{ : 1.78 per cent al&ir dust coobine drilled with the seed at 2O0 lb. /ac!e.
C : 5 per cent chlordane dust combined &illed with the seed at 100 lb./acle.
D : 5 per cent D.D.T. dust combitre drilled with the seed at l50 lb-/acre,

These figures show a good correlation with the figures for wire-
worm population estimated by F. Raw, and the comparison is
given in the report oI the Entomology Department. The crops on
the control plots and those originallv treated with dressed seed are
probably no't economic, rvhile"on tfie plots where the insecticides
were drilled in with the seed there has been a marked crop increase,
good crops being obtained with BHC, aldrin and chlordane.
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