
This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-127 pp 1

Thank  you  for  using  eradoc,  a  platform  to  publish  electronic  copies  of  the  Rothamsted
Documents. Your requested document has been scanned from original documents. If you find
this document is not readible, or you suspect there are some problems, please let us know and
we will correct that.

Report for 1972 - Part 1
Full Table of Content

Insecticides and Fungicides Department

I. J. Graham-bryce

I. J. Graham-bryce (1973) Insecticides and Fungicides Department ; Report For 1972 - Part 1, pp 174
- 194 - DOI: https://doi.org/10.23637/ERADOC-1-127

http://www.era.rothamsted.ac.uk/eradoc/
http://www.era.rothamsted.ac.uk/eradoc/book/127
http://www.era.rothamsted.ac.uk/eradoc/book/127
https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-127 pp 2

INSECTICIDES AND FUNGICIDES
DEPARTMENT I. J. GRAHAM-BRYCE

It is increasingly recognised that pesticides should be used more discerningly. Much of our
work is dftected towards achieving this by understanding the influenc€ of environmental
factors and formulation on p€sticide behaviour. In practic€ only a very small fraction of
the pesticide which is applied reaches the intended target, the remainder entering the
environment without contributing to pest control. For example our work on persistence
of insecticides on leaf surfaces and in ant baits shows that most of the toxicant rapidly
evaporates into the atmosphere, particularly under tropical conditions, while our work
with systemic compounds shows that less than 2'% of the applied dose is likely to enter
the plant after being applied to soil. There is therefore considerable scope for using
pesticides more efficiently; large improvements should be possible by developing formua-
lations and methods of application which relate the release of the toxicant and its pattern
of distribution more accurately to the behaviour of the pest. The work on microcapsules
and granular formulations illustrates this approach while also emphasising that the
properties ofthe toxicant and the environment ultimately limit the extent to which pesti
cide behaviour can be controlled.

Favourable properties in the environment have no doubt contributed to the increasing
use ofthe synthetic plretbroids which we and others have developed. This group provides
a range ofdifferent insecticidal and knockdown properties, but as a whole is characterised
by very great toxicity to insects with extremely small toxicity to mammals and by short
persistence. So far they have not found much use on field crops because they are relatively
expensive and do not persist. However their rapid action, very great toxicity, the absence
ofresidues and indications that resistance will be slow to develop give them considerable
flexibility which may prove very valuable in future integrated control programmes, for
example by enabling selectivity to be obtained by timing. The increasing interest in the
pyrethroids should lead to new developments, widening the scope of the goup still
further. We are therefore maintaining our efforts to understand their mode of action and
metabolism and the mechanisms whereby insects become resistant to them.

While conventional treatments with chemical pesticides must be the backbone ofpest
control for the foreseeable future, improvements coming mainly from making their use
more eftcient, our work on behaviour-controlling substances continues to suggest that
more sophisticated methods may ultimately become practicable in suitable cases. At
present the factors which determine how ins@ts respond to most pheromones are not well
understood and initially these compounds will probably find most use in environments
such as food stores where conditions are reasonably predictable. The isolation and
characterisation of the crowding pheromone from A. kuehniella and the demonstration
that it occurs in other related stored-products pests is therefore particularly interesting.
However, the broad potential of manipulating responses to behaviour controlling sub
stances is shown by the observations that adding charcoal or extracts of oat plants to
soil can decrease the ability of wheat bulb fly larvae to respond to exudates from wheat
plants.

Work on the BIowth and health of crops in other departments at Rothamsted also
frequendy involves the use of pesticides and related chemicals. In the past, such studies
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have sometimes been hampered by lack of information about the distribution, movement

and stability of the chemicals used. To provide this informatiol, workers contributed

bv Chemistiy, Insecticides and Fungicides, Nematology and Plant Pathology Depart-

."rt. no* fo.. u group of chemists, associated with the Insecticides and Fungicides

Department, who w l cbuaborate with the biologists concer-ned with effects of thes€

coipounds. Examples of existing collaborative projects-include work on the use of
chemicals to controi potato cyst nematodes in soil, the application of systemic fungicides

to potato seed tubers and the reasons for differences in response of wheat and barley to

foliar sprays of CCC (cycocel). These studies are reported with the work of the appropriate

departments.

Im€cticitl€s

Ile natural pyretbrim and related synlietic comlnuntls

Rsdiolabetled bioresmetfuin (NRDC 107) and reloled compoaads. The slnthetic
plrethroids developed lterc (Rothamsted Reports for 196G1971) are finding more and

more practical usei in horticulture, and for aircraft disinsection, as well as to control
domesiic insects. It is therefore in*easingly important to be able to detect small quanti-

ties of the compounds and to determine their mode ofaction and the structures of metabo-

lites formed in insects and mammals. such studies are considerably facilitated if the

compounds are available in radiolabelled form. In previous vtor,k (Rothamsted Report for
1976, Part l, 172) mammalian metabolites of pyrethrins I and II and of allethrin were

ideniified using ejters labelled with tritium in the alcoholic component, and a method has

now been developed for incorporating tritium into the furan ring of 5-benzyl-3-furylmethyl
esters. The prot;n at the 2-p;sitioo of the furan ring is exchanged under acid-catalysed

conditions; bioresmethrin [R: (*)-rraru-chrysanthemate] and deuterium oxide in
dioxan with a trace of hydrochloric acid, gives the product (X : D) containing more

than 80f D at the 2-position of the furan ring, ald none elsewhere' The position of
exchangiias established from the nmr spectrum of the exchanged Produ€t, which had

changei only at 2'7 1 arrd, the purity of the product was demonstrated by nmr, mass

spotia, tt", glc, t"f*ciive index and optical rotation. These results with deuterium oxide

inahtea tnit with tritium oxide under similar conditions, only the proton at the 2-

position would be replaced Vrith tritium. An exchange reaction with six related esters was

iherefore performecl at the Radiochemical Centre, Amersham, with tritium oxide of very

hich specihc activity. We purified the six preparations here by chr, omato$aPhy throuq! a
snirt iotumn of duminaio give producis with the properties shown in Table l' Radio-

ROCH, ri______n H

, ( o -JJ"*,"n
!3- RocH"--11

, I o-11"","n

TABLE 1

Tritium-ldelled esters of 5-benzyl'j-furylmethll alcohol ( 5B?FA')

Yield (mg)
froE 100 mg

of Total
udabeled activity

estq (mCD

71 135

specific
activiN Radio,
(mCi/ chemical

m6ole) punty ('ACoopouod
NRDC IO7 5B3F
NRDC II9 5B3F
RU fl,579 5B3F
NRDC IO8 5B3F
RU 11,934 sB3F
Rrr 12.065 5B3F

+lr/drff.chrvsanthemate 7l ll5't-i-rr:s-cttvsinthemate 32 5l
ii-rranreihanochrvsantheoate 35 72
:,r3,3-teramethylc);clopropaoe carboxylate 48 78

-ii-".chrw,.anthemaie 
- 29 28

@t 98
s37 95
7& 98
551 92
32s 96
230 96

Chemical name

-i";*}*E"ih"-ate 39 27
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chemical purity was determined by scanning a thin layer chromatogram (silica gel;
ether-hexane_ 2 : l), a technique possible because of the high specifii activity oflhe
product. Although only one proton per molecule was exchangeabie, the specifii activity
attained was comparable to that obtained previously in pyrethrin f, pyrethrin U and ate-
thrin by exchange of five protons b€cause the tritium oxide used had $eater specific
activity.

Structaral rcqairements for knocktbvn activity in pyraboitls. The work of Burt and
Goodchrld (Rothamsted Report for 1971, part 1, 185) indicated that knockdown and kill
by pyrethroids are probably progressiye stages at one site in the c€ntral nervous system
rather thar: separate actions, one peripheral and one central, and that ditrerences inipeed
of knockdor+rr are associated with different rates of penetration and detoxffication. 'This

agrees well with the obseryation that more polar compounds (pyrethdn II, tetramethrin,
ibenzyl-3-furylmethyl pyrethrate) which may have physical properties giving more rapid
peDetration are faster knockdown agents than related less potar compounds that are good
killing agents (pyrethrin I, 5-benzyl-3-furylmethyl (*ltrazs-cbrysanthemate. We 

-have

recently found that simply by introducing a polar group (oxygen, to form an epoxide,
as shown) on to the side chain ofthe acid component ofinsecticidal esters, killing power ii
diminished but knockdo*n remarkablv increased.

rA
edloftDcrt Dzoic rcid .C-CH CH-CHCOTR, \/------------+ A

cHrcHr

TABLE 2

Kill and knockdown by some synthetic pyrethroids and their epoxides

EffectiveDess for kill. at
LD50s (i[ pglinsect)E asailst

lc=cx cn-crco-n\-/
c

cH,cH,

Effe.tiveness for
ktrockdowlD agaiNt

Houseflies

compouod lE*tffie, ffi;p."& ffi-Effi"
NRDC 107 0.005 0.ll 0.004 0.018 poor soodNRDC t19 0.012 0.,ro o oos 0 oai tofi"rat" EiliRU lt 679c o.oo4 0.045 O.OO24 o.it poor Eood3-Benzylberzf,l (+).rraar{hr}ranthenate 0.033 0.,14 O.mS o.t i,oor miaJrate
_Neopytrarrxn (: telrnmetbr.iD) O-fr >2 0.18 >2 lood verypoor

- (a)- B{.topical .pplication of I pl drop6 io acetorc to adult feEale Musca dorn srica L. aod nale and
Iemale Phoedon cochleariae Fab.

(b) Fy_ spray r€st ia a K€ams -Mstch draE.tf,;r (Ro,harnsted Rcport lor 1970, part l, fiA.(c) 5-B@zyl-3-furylnethyl (+>rr4ar-ethanoctrrysaotlemate, d gifi fro; Rb,rsseru;ia(-S,A.

It appears rhat knockdown agents need not be stable compounds (the epoxides decom-
posed slowly even when stored at -20") in yitro ot i yr'yo. On the other [and, the ability
to surviv€ detoxification long enough at the site ofaction to produce an irreversible lesion
is essential for good kill.

Tetramethrin (see Table 2) is a good knockdown agent for houseflies, although not very
toxic, and it is therefore very interesting that its epoxide shows neither knoc[down noi
kill. We also synthesised by the Darzens condensation a 5-benzyl-3-furylmethyl dimethyl-

Houseflies Mustardbeetles
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glycidate which incorporates ttre epory ring in a simpler structure. Howeyer, this com-
pound also lacked both hrockdown and killiog power.

Acyclia esten of clvysonthemic ac l relcted to bbrcsmetfuia" In the previous report
(Rotham*ed Report for 1971, Part I, 187) we discussed open chain esters synthesised
to determine the structural features responsible for the exceptional insecticidal activity
of bioresmethrin (1, R: ({}trazs-chrysanthemate). A further compound (2) has now

"".)c^c) ""^--U^Q
(2)0)

been synthesised in which the stereochemical features make it possible lor the side chain
phenyl group to take up similar relative positions to the chrysanthemate componetrt RO
as in bioresmethrin when the orygen functions (-O- or C:O) are also in comparable
positions.

The compound (2, R:II) required to prepare the ester is a y-hydroxy-a-B-unsaturated
ketone, of which class there are few acyclic examples. Al efficient synthesis, as follows,
was eventually developed:

Ph.CHzCHO*BrMeCHz.CH:CHz -* Ph.CHTCH(OIT.CHzCH:CHzoo
,/ \ aor

Ph.cHr.cH(orDCH2.CH-CH2 

-+ 
Ph.CHzCO.CHz.CH-CH2

E..N/aF Prddi..

--- 
Ph.cHrco.cH:cH.cHzoH

The cbrysanthemate of this alcohol was almost inactive against houseflies and mustard
beetles, and thus gives further evidence for the steric requirements necessaq/ for insecti-
cidal action. (Chemical work: Elliott, Janes and Pulman. Biological work: Farnham
and Needham)

Mode of action of insecticides

Newotoxic action of ornethoate. Devonshire found surprisingly large concentrations
of omethoate in the haemolymph of houseflies poisoned with dimethoate (Rothamsteil
Report for 1972, Paft l, 182) and concluded that omethoate (the more toxic phosphate
analogue of dimethoate) was probably less neurotoxic than paraoxon or diazoxon. We
therefore investigated the neurotoxicity of omethoate directly, using the cockroach
Peiplaneta anerica a as a test insect, as its nervous system is more suitable for electro-
physiological studies than that of the housefly.

Both dimethoate and omethoate kill cockroaches more slowly than most other organo-
phosphorus compounds. An LD95 of diazoxon (2.6 pg), topically applied, took about
2 hours to affect cockroaches seyerely, but an LD95 of omethoate (3.5 pg) took more
than four times as long to produce a similar effect. When tested on the nervous system,
a 10 pM solution of omethoate in saline took 260 minutes to block conduction of nerve
impulses through the giant fibre patlways of the metathoracic ganglion, 30 times longer
than a similar concentration of diazoxon, which suggests that the slow action of omethoate
on cockroaches is associated with its slow action on their neryous systems.

Possible explanations for the slow action on the nervous system are (l) penetration of
omethoate into the nervous system is restricted in some way, (2) omethoate is relatively
rapidly detoxified inside the nervous system, or (3) omethoate is an inferior anticholines-
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terase. The second erplanation is unlikely becausc comparisons over a period of 16 hours
showed that dimethoate and omethoate persist much longer than diazinon in the haemo-
Iymph of cockroaches following topical application; the nervous system is unlikely to
detoxify these compouDds more rapidly than other tissues. Although the concentrations of
dimethoate and omethoate in the nervous tissues were similar to those in the haemolymph,
the concentration of metabolites in the nervous tissue was only 5 % of that in the haemo-
lymph.

To distinguish between the other two explanations, more information about the con-
centration of omethoate within the nervous systems of poisoned cockroaches and about
its emciency as an inhibitor of cockroach cholinesterase is needed. Howeyer, if penetra-
tion of omethoate into the nervous system is restricted, the neural lamella contributes little
to this effect, as after its removal (desheathing), omethoate at the concentration found in
the haemolymph of poisoned cockroaches blocks conduction oDIy 15 % faster.

During these eq)eriments diferences in the method of applying anti-cholinesterases
to the nervous system were found to aflect the blocking time. When 10 pM concentra-
tions of omethoate were applied to nerve ganglia intermittently, conduction was blocked
twice as quickly as when the insecticide was applied continuously, but at larger concen-
trations (l mM) the method of application had no effect. Continuous irigation with 10
pM concentration may remove accumulating neurotransmitter, so postponing block, but at
larger concentrations, when transmitter is produced rapidly and irrigation time is short,
differences in the method of application are Iess likely to affect the rate at which it
accumulates. These results emphasise that the conditions under wbjch toxicants are applied
can influence their action in complex ways, so that conditions must be standardised
carefully for valid comparisons. (Burt, Devonshire and Goodcbild)

The crus€s of r€sistance. Resistaoce remains one of the most important problems
associated with the use of insecticides. We continued to study resistance to organophos-
phates and pyrethroids in houseflies, where genetical and biochemical work is steadily
establishing the nature of the complicated mechanisms involved. Much less is known
about resistance in aphids and genetical studies are not practicable at presetrt. In our
work with aphids we have therefore concenkated on physiological and biochemical
studies.

Residarce of houefies to dimethoole. The two factors of resistance to dimethoate
on chromosome II in dimethoate-resistant strains of houseflies postulated last year
(Rothamsted Report lor 197 I , Part I , I 79) hare now been successfully separated and bred
in a homozygous condition.

Because resistance in the parent resistant strains (49 r2b and 239 fb) was heterogeneous,
the strains isolated previously with individual chromosomes derived from the parents
were also heterogeneous for resistance. The resistanc€ factors given previously (Rotiaz-
sted Report for 1971, Part l, 179-180) were therefore probably too small.

Mechanism a, which is controlled by a gene about 20 cross-over units from the marker
ar, contributes most of the r€sistance to dimethoate and its analogues, and is much more
important than previously believed. It confers strong resistance to dimethoate (R.F.
about X 50) and very strong resistance to omethoate (no kill at 0.6 pg/female; LD50
susceptible females about 0.015 pg/fly) and 0,Gdimethyl S(N-carbamoyl-methyl) phos-
phorothiolothionate. It gives weak resistance to parathion (R.F. about x5) moderate
resistance to malathion (R.F. l0) and strong resistance to malaoxon (601 kill at
11 pglfly). The factor is incompletely recessive and is inhibited greatly by pretreatment
with sesamex. This suggests that it may inhibit mixed function oxidases.

The other mechanism, D, which is controlled by a factor close to the marker dr, confgs
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relatively weak resistance to dimethoate, omethoate and 0,Gdimethyl S(N-carbamoyl-
methyl) phosphorothiolothionate (R.F. about x l0) but very strong resistance to
malathion (no kill at 12 pgflemale) and malaoxon. Resistance to malathion is unaffected
by TBTP (S,S,S,-tributyl phosphorotrithioate) a carboxyesterase inhibitor, or by sesa-

mex, the mixed function oxidase inlibitor. Resistance to malaoxon also seems to be
unaffected by sesamex. The properties of this mechanism do not correspond to any of the
recognised mechanisms conferring resistance to malathion and its nature is unknown.
Unfortunately, this strain was recently contaminated by other stray flies and must be

reselected for homogeneity before further studies fie possible. (Sawicki)

Geneticr of resistaace to pyrethroids in hoaseflies, The genetical analysis of the factors
causing resistance to plrethroids in houseflies continued with further studies to identify
the factor located on chromosome IIL This factor, now called ftdr-Ir'PR had been isolated
genetically in strain J48 from NP,R which resists natural pyrethdns, and gave resistance

to both DDT and pyrethroids (Rotharnsted Report for 1971, Part l, 180)' The standard
resistant strains bwb kclr and k/r-0 which have known mechanisms on chromosome III
proved unsuitable for identifying this factor and further genetical manipulation was

required. Strain bwb kdr contairc an additional resistance mechanism, DDT dehydro-
chlorinase, on chromosome II which would interfere with the analysis and this factor was

therefore removed by substituting the marked chromosome II from the susceptible
quadruple marker strain 608Q. ln the resulting sljain' 507, resistance to DDT and
pyrethroids was due only to the factol kdr. Strain kdr4 was heterozygous for DDT resist-
ance so was setected once with DDT which purified the strain. Its resistanc€ to DDT and
pyrethroids remained constant over 30 generations.

The two factors kdr and kdr4 are recessive like kdr-NPR. Crossing strain -r48 (with
factot kdr-NPR) with 502 (with kdr) gaw progeny as resistant to DDT and resmeth n
at kill end-point as either parent, as did tle cross Jl8 with kdr-0. The cross 507 with
kdr-0 also gave resistant progeny. These results suggest that kdr, kdr-| alld kdr-NPR
are allelic. To verify this, the cross-over rates between the brown body marker, bwD,

and the three resistance factors were measured. The values were all approximately 50

units, but the results were inconclusive because the technique was not sufrciently sensitive

to locate a gene at this distance from the fxed locus accurately'
Another marker for chromosome III, green eye, ge, which is nearer kdr, kdr4 and

ftdr-?fPR has been obtained. Part of the population with this marker was found to resist
DDT, but onc€ the strain has been puified, the cross-over rate between ge and the various
factors can be determined and the question of allelism unequivocally resolved. (Farn-
ham)

Resistance of apttids (Myzus Persicae (Sub)) to orgaaophosphorus hsectic les. The
new resistant clone @DTR) of M. persr'cae (Sulz.) started last year after the eadier clone

lost resistance (Rothamsled Repo lor 1971, Part l, 181) has now been reared for 18

months and has maintained strong resistance to organophosPhorus insecticides in the
absence of selection pressure (Iable 3, p. 180).

The resistaoce of the DDTR strain to dimethoate caD be decreased by using synergists;
for example the synergistic factors for sesamex and tributylphosphorotrithioate are l0
and 24.

Ihe fire of topicalty applied ixectic le. Topical application is widely used in detect-

ing and measuring resistance of aphids to insecticides' We found that the standard method
of applying relatively large volumes (0 '14'2 pl) of insecticides dissolved in acetone from
aU-glasi syringes was unsatisfactory because leakage past the plunger and losses to the
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TABLE 3

Resistance faclorsl of the resistant clone
o/M. persicae to various insecticides

diEethoate 196omethoate 28
eth],1 parathion 462
Daaaoxon 27*H{iI:t 33

r Resistanc€ factor : LD50 of resist&nt straiq/rl,Dso of susceptible strain

substrate caused large deviations from the intended dose. For comparative bioassays
this was acceptable, but for quantitative biochemical studies on resistance, and for investi-
gations into penetration and excretion, a precise method ofapplication was essential.

The dosing technique was greatly improved by using a 250 pl gas-tight syringe and an
0.2mm O.D. canula (I.D. 0.1 mm) in a standard Arnold microapplicator (loumal of
Sciefiirtc Insttonents (196, A, 350) and ethyl methyl ketone as the solvent for the
insecticides.

Resistance may be caused by physiological factors which decrease the amount of insec-
ticide reaching the site of action as well as by increased detoxification. We therefore
compared ttre rates ofpenetration ofdimethoate and parathion and the excretion of these
insecticides and their metabolites in resistant and susceptible M, persicae.

Groups of teo adult apterae were dosed topically with l4c-labelled insecticide and kept
in scintillation vials for varying times. They were then removed from the vials and the
insecticide remaining on the surface of the insects was washed of with a toluenebased
scintillation liquid. The diflerence between the amount washed offand the amount applied
gave a measure of the amount penetrated. The amount of radio-activity in tle siorage
vials gave a measure of the inseciticide or metabolites excreted.

Both insecticides penetrated more rapidly into susceptible than into resistant aphids,
and parathion lxnetrated into both straiDs more rapidly than dimethoate. Approximate
times for 50 % penetration into the susceptible strain were 40 minutes for dimethoate and
9 minutes for parathion, compared with 56 and 16 minutes for the resi$tant strain. In
other spocies dimethoate, being more polar, penetrates more rapidly than parathion.

Both shains excreted the same amount of radio-activity. Over 90 I of this radio-activity
was in unchanged insecticide, which could explain why aphids are more tolerant to these
ins{ticides than houseflies (table 4). Houseflies excrete only approximately 5l of the
applied dose as unchanged insecticide.

TABLE 4

LD50s (pglmg) of dimethoate and parathion to
resistont and susceptible M. persiae and M. domestica

suscrptible resistaat
0-0005 0.04
0.0007 0.017

M. Ftsica M. don estica

susceptible resistaot
dioeth@t€ 0.0030 0.,1Oparathiotr 0.m25 0'70

Sesamex, which synergises dimethoate ten-fold and parathion slightty in resistant
M. persicae, is ktown to inhibit mixed-function oidases wh.ich are involved in insecticide
degradation. We found that it also greatly inhibited the penetration and excretion of
dimethoate and pa.rathion in aphids. We do not know yet whether its primary effect is
oo p€netration or excretion. (Devonshire and Needham)
180
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Tlc role of increased cstboqEstero.se sctiitl in orgaaophosphaa-resistaat ][dyzre
persicae (SzIz.). Aphids resistant to organophosphorus insecticides have greater carboxy-
esterase activity than susceptible aphids (Needham & Sawicki (1971) Nature,z30, l2r.
Starch gel electrophoresis shows that this is caused by a change in the actiyity of only one
of the several esterases in aphids (A. P. Beranek, personal communication). We investi-
gated the possibility that the very active carboxyesterase in the resistant strain may be a
cause of resistance by hydrolysing organophosphorus esters in addition to carboxyesters.
The enzyme had first to be purified by centrifugation, ammonium sulphate precipitation,
gel filtration and ion-exchalge cbromatography because insecticide degradation canr:ot
be attributed to a particular enzyme in a crude insect homogenate. The homogeneity
of the carboxyesterase activity and its identity wittr rle enzyme having increased activity
in the resistant strain was confirmed by electrophoresis. The purified enzyme hydrolysed
ct-naphthyl ac:Et:,te (Kn: l'8 x l0-4M), but not radio-active dimethoate (10-4l). It
may hydrolyse omethoate (the toxic phosphate analogue of dimethoate) but this could
not be determined because we lack radio-active omethoate. If the enzyme proves incap-
able of degrading insecticides it may still contribute to resistance by combining with a
portion of the insecticide present in the insect, thereby decreasing the amount available
for the lethal process, the inhibition of acetylcholinesterase. @evonshire)

Effects of envimnment, formulation and subshate on the persistence and dis&ibution of
pesticirles

Losses of insecrtcidcs from lcaf swfaces. Confrmatory work was done on ttre relation-
ship between loss of DDT from cotton Ieaf surfaces and the density of the insecticide
deposit. Difie(ent amounts of DDT were applied as a 50% wettable powder to leaves of
cotton plants growing in a constant enyhonment room at temperatures of 29'C (day)
21'C (night), 55 % R.H. and ten hours of artificial daylight. Iraf samples taken weekly
were ground, extracted with hexane and analysed by glc.

Results confrmed previous work which showed that losses of DDT from the wettable
powder formulation were related to the deposit density. For example, after one week
amounts lost from deposits of 100 pg and 25 pg DDT per leaf were 30 | and 8f tnoeas-
ing to 701and 30 f after six weeks.

Losses o;f insectic les from ant boits. Baits to control leaf cutting ants in the tropics
must be durable and retain their efectiveness for as long as possible under extreme
climatic conditions. We investigated the persistence in such baits of various insecticides
with different physical properties.

Baits consisting of 0'4f insecticide dissolved in soyabean oil sorbed on dried citrus
pulp were weathered for two weeks on bare earth plots in the sun and in the shade
dwing a short visit to Trinidad. The baits contained technical aldrin, technical aldrin
plus a waterproofing silicone, pure aldrin, pure dieldrin, or mirex. Baits in tle shade
became mouldy within a \veek, but the waterproofed bait was far less suscepfible to fungal
attack. Losses, especially of aldrin, were rapid during the first two days, but bais subs+
quently lost insecticide slowly. Waterproofed bait lost aldrin as easily as non-water-
proofed, suggesting that the high ambient temperature (averaging about 32'C (sun) and
26"C (shade) in daylime ar.d 22"C at niglt) and not the rainfall (9 cm falling during the
first week and 3 cm during the second) was the main cause of the rapid loss of insecticide.
Aldrin baits retained between half and two-thirds of the original amount of insecticide in
the form of aldrin plus dieldrin after eight days exposure, decreasing to between a quarter
and a half after 14 tlays. Measurable amounts of dieldrin wcre formed from aldrin in the
baits (one-fifth of the toxicant after 14 days consisted of dieldrin). The dieldrin and mirex
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baits rctained between half and two-thirds of the original amounts of insecticide even
after 14 days. Because dieldrin and mirex are appreciably less volatile than aldrin, the
greater amounts of these retained compared with aldrin again point to the influence of
volatilisation on relative persistence.

Microcapsales. Further development work on the microencapsulation technique was
done with the objective of producing formulations with a range ofwell-deflned and predict-
able release characteristics. Amongst insecticides encapsulated were dieldrin, aldrin and
synthetic pyretirin. Various concentrations of the insecticides in toluene, often incorpor-
ating a suitable marker dye were encapsulated in hardened gelatin/gum acacia walls
by tle coacervation techtrique (NCR process). With the larger capsules (>500 pm
diam.), it was difficult to obtain a satisfactory wall thickness. Also the present method for
extracting and drying the microcapsules in tle slurry gave inconsistent results. It is hoped
that more recent work on the viscosity of the coacervate and the use of a fluidised bed
dryer will help to overcome tlese problems- (Phillips and Etheridge)

futu$ inlaenchg the performatce ol grawlar systemic insecticides applied to fuld
Deaas. The influence of irrigation, temperature, humidity and placement on the effective-
ness of pumice and fuller's earth formulations of disulfoton and phorate applied to field
beans in constant environment rooms was studied previously by determining toxicity to
aphids (Aphis fabae) caged on the foliage at intervals up to 4O days after treatment. Fre-
quent rainfall and higher temperature increased activity and, in the presence of irrigation,
pumice formulations were more effective than fuller's earth (Rothamstetl Reports for
1968-1971, Part l; Pesticicle Science (1972) 3,781-:797). To help explain these effects we
have now measured adsorption of disulfoton and phorate by soil, and release from the
two granular carriers by evaporation and by leaching in separate experiments.

Adsorption isotherms were determined by tie method described previously for disul-
foton (Graham-Brycn. (1967) Jounal of the Science of Food and Agriculture, 18,72J7).
Both phorate and disulfoton were moderately adsorbed by the soil from Woburn Farm
used in the growth-room experiments. Generally phorate is slightly less strongly adsorbed
than disulfoton, but isotherms were identical with this soil, and .linear over tie concen-
tration range studied.

Rates of evaporation from pumice and fuller's earth granules containing 7.51dis,i-
foton or 10 % phorate were determined in the controlled environment rooms at tempera-
tures of 15, 20 and 24"C day (10, 15 and 19'C night) under the standard conditions apply-
ing during the tests of performance, exc€pt that no artiflcial rain was applied. The granules
were exposed in petri dishes placed on the trolleys used for the pot experiments and at
intervals over a period of one month the toxicant content was determined by extracting
with hexane and analysing by glc.

At 20'C day (15'C nigho over 971of the toxicant was lost from pumice after one
month compared with only 10-20 f from fuller's earth. This difference would be expected
from the more open structure of pumice. There was little consistent diference between
losses of phorate and disulfoton from the same carrier. At first sight this is surprising
because phorate is more volatile but this is offset partly by the smaller disulfoton concen-
tration.

As expected evaporation was generally faster at higler (day, 24"; rlgbt,lg"C) than at
lower temperatures (day, 15'; night l0"C), but the patterns ofrelease were similar to those
at the intermediate temperature.

Release ofinsecticide to water leaching over the granules was investigated by exposing
them to artificial rain in the groxth rooms under the same conditions as during the tests
of prformance. Weighed portions of granules were spread evenly on fiae nylon sieves
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and the leachate collected into gaduated flasks through funnels attached to each sieve,

"it 
u"t"a *itf, U*e and analyied by gtc. Patterns of leaching were similar for disulfoton

oo r"["r, earth and phorate on both fuller's earth and pumic.e. Amounts released

ir-o"^.6 directly lYith the amount of water applied, so that the concentrations in the

i"*fr"i"-r"-"i"fr approximately constant at viiues approaching the aqueous solubility

-ni"ii tt"r"r"ii uppiared to limit the rate of release. Slightly more phorate was released

rrom-pumice (+.7 ;g in 300 ml) than from fuller's earth (3.2 mg) which is consistent with

ii"il"t" 
"p"ti 

.t.rciure of the f,umict, but the differences w.ere small' However very much

--ore aisutioton 144.7 mg) was leached initially from pumice although the conc€ntration

in the leachate dtreased considerably with further leaching and the amounts released

upp"-"d to reach a limiting value. The initial concentration was much greater than tlre

.6tl"Uititv, p."r"-ubly due io eflects of additives in the formulation. Results were similar

ioi-to*i*oi 
"ooontrations 

of both l0 and 7.5 f and when the experiments were repeated

al 15" and 24"C.-- 
T'ho" .".ults .how that the toxicants are more readily available from pumice than from

fuier;s earth and also at higher than at lower temperatures and they also emphasise

it. i-po.tuo"" ofteaching bfrain or dew, thus largely explaining the previously otserved

aif"r"i"". in eflectivenesi against aphids. However, the differences in patterns of release

a[ iaige in retation to their effects on perlormance s,ggesting that effectiveness is deter-

.io"J'iu.g"tv by certain basic properties of the environment_and -the 
chemical, such as

"a*.pii"f; 
ti r,iil *hich wouldiegulate the supply ofchemical.to the roots. We conclude

it"i Jnif. g.i"rf* may be useful-for providing a particular initial_ distribution of a toxi-

*oi, fo. 
"iu*pt" 

by penetrating the ieaf canopy to reach the soil, and may have other

"O"uotug"r 
in peniitence, safety and handling over sprays,- the possibilities of control-

ilog p"iFo..ud"" by conirolling release rates under conditions such as applied during

tUG"'.^p".i."os appear to belimited. (Graham-Bryce, SteYenson and Etheridge)

Control of be{tr rPhfuts. Comparisons of methods and times of applying insecticides 
-to*rt oi U."o 

"pmas 
are described in the report ofthe Entomology Department (p' 203)'

(Stevenson, with Bardner and Fletcher, Entomology Department)

Conhol of soil inhabiting Pests

Sruceptibitity of Pluttt to ottuk by wirerorms (Agtiotc spp')' . Several typ€s of plant

ur" i"pot"a to'riiri or escape attac[ by wirerrorms but quantitative data are lacking. To

ottuiri 
"rcn 

aata, *e exposid test planis and wheat, which is known to be susceptible, to-

itt*t ty-f.ti" individuals of Agiiotes spp. in box. tests a^nd compared the numbers of

".*i"o 
pr",i6, .rattacked planis and the fresh weights of emerged plants rvith those of

rirJu'. rf""io gowing in tlie absence of wireworms. The one variety of onion-and the

lio*y-"!t"n tti"a io 6ot tests showed no resistance and were as readily attacked and

a"a.iJ"" *r,a"t. However, the two varieties of peas and two varieties of beans showed

some iolerance to wireworm attack; they were attacked at least as frequently as wheat

Lut A".pite 
"o*iA"rable 

damage continuid to grow and eventually gave plantl not much

tighto ihuo 
"ontt*ked 

plantslln contrast, the other group of plants (mustard, cabtage,

ioeiiri, ilou", u"a flaxj that survived relatiyely b€tter than wheat in wireworm infested

soi, weie small and easily damaged but many were apparently missed by wireworms or'

iiiionJ, oot ootioably 6itten. Shauo* sot ing contiibxted to the relative immunity of
these plants but does not completely explain it. (Griffith,

Saildle gott n tge. The Agricultural Advisory and D€velopm-€nt Service asked us to

"oop"rui"?tn 
tn"-ir investigations into saddle gall midge (Haploiliplosis equesrTrs (WagB.))
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which may become increasinplv important as a p€st of cereals, by examining tbe possi_bilities of contror with soir in-'sirticii*. o"-.r*iJtiii"g r"*?",'#tecred from the fierd,
IIi.,Lql{ jl-q: tb.":"tory in containers of various siils, at diflerent moisture contents,conarnmg atdnn Lt lo pglg.In none of the tests was thcre aDpreciable larval _"Jlit"
even arter exposure to treated soil_for several week, although vestigial wingea prosiiniii
melyo9aster Meig. released on the surfaces of tf,ii soir.-al iitruo u r.* hours. The
::9*",1* y-jr:.Ifl1: T1l h"* surviv.ed because tn"y ur"1oo io*tiu" to pi"['up uroxrc oose and althougrr prosp@ts of kiling saddre ga[ midge rarvae in soir'thereflri
seem poor, more tests will be done next year using difleren-t test methods and morevolatile insecticides. (Grimths and Scott)

, EsC P9 ly ppa! blb fly. For the past eight years, femate wheat butb flies have
::1TlT"o,."Cu:rly rTgm whe-at fields in luly and August for egg laying. Up to 1972,
rtre meao.number of eggs/fly \r,as 24, ranging from 20 to 33. In 1972, howevi, th"r" *^lmarked decrease, with a mean of g eggs/fly. fhis Oecreaso can G largely attributeJlo
the extensive incidence of thc parasitiifuiets, ontoiopiiniii iitro" which kilred theflies berore thev taid their eggs. rhe iun!u;;-;;;rdil6;;leiiuia.it" in s"arordshire.(Scott)

R:! 
_idul etectt of soil teatnun*. Work on residual effects of aldtin and .D_D,

applied to soil is described in the report of.rhe entomotogy Oipartment (p. 210)- @1rd,with Henderson, Entomology Department)

Seed dresdngs

*l*::y !:: *y* the.ssitrs oad tteir efect, on ,rorerront of insecticitte s fiom seeds.
r ne searcn tor surtabte adhesives to improve the retention of dry powder d-ressings oncereal seeds continued. Liouid naraffii daalged seeds \oniisea R"port yor'lciL,
Part l. 178) and we have now fo'und llat 

.p;ly"tr';;jri;; iitii'.u".gu--u o, ,""d
dressings also damage seeds in field trials, although previou, pot iot, Ajo.t ."*a 

""yserious effects on germination.

.The 'Polyvis'/'Mergamma D' treatmen-t,_although improving retention, did not protect

*::::*:'j^*-o=j!u jr as successfutry u, .ir",gJ;u 6;;i;o". rhi. is prluaury
Decarse srong retenfon d@reases movement ol the insecticide from the seei and its
ly?ila.bility to. rhe p€st. Experiments were therefore sta.t"J to i"i".-ine the effecrs of
-u3o:I::o,th" 

,:vement of TBHC from treared seeds inro rhe plant and surroundin!sor. Jeeds dressed witb lBHC.powder. alone and following pretreatment with 3"2'Polyvis' emulsion or 6 f gum arabic solution were planted ,iogiy iniuU". *ntaining srjijor sand. Plants were harvested at weeHy intervals, b. *ne" u6iri iS cm high, extrictJand analysed- by glc, together with thi soi.l or sand in *ti"l G"y'were grown. In alltreatments, there was little diference between the small amountJof 1^eifC fo"oO lodiferent parrs of the prant and most remainea on the seeo- et-ot-nllf a"'-u"ui;;;d"(l-2- pg) was recovered from the sand in which 'pory/is; tr;ted seli"was grown as in the
sand which had contained seed treated with insecticide alo;; e_; A. (ietrs ana raiv_man)

Yegetablc oilt os adhcflves. vegctable oils have shown promise as adhesives forpowder dressings in recent tests. Seeds treatgd with .Mergamm'a D;after p."rioo.,p.uy_
ing witb 6l aqueous emursions of-orive oir o. .oyuuearior Jrates or o.o, r,2 and 2.0
$tr.Tg:=9 rytoed an average of-1091 pqn yairC. n our rara*i *rc.ti."i*iio *or rne oressrng was retained using 0.61 of either emursion and 9&-r001using the lii
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or 2.0% rates. Tests in pots containing Ioam soil in the glasshouse showed that neither
emulsion by itself or with insecticide affected germination. These treatments will be tested
in the field next year.

Treat ent of seeds with liqu l dressings in the Moratory. The apparatus used to
apply adhesive emulsions to seeds was modifed for use with commercial liquid formula-
tions of pesticides. The apparatus treats 600 g of seed per batch, sufficient for !6 rows
of plants at l0 g seed per row. When tie dressing is applied at the normal commercial
rate the standard deviation for the loading on individual s*ds is22fl,compared with 83 f
when the dressing is added from a micrometre syringe on to 50 g batches in a revolving
dish or l47l for seeds treated commercially with liquid formulations. The apparatus
was used to apply liquid formulations to se€ds at yarious rates for single row trials'
(Jetr$

Sirle efrects of pesticides

Poisonittg of luwybees in the fiew. Eighty-two samples of honeybees thought to be
poisoned were received from beekeepers via the Bee Advisory Service of the Ministry
of Agricutture, Fisheries and Food. Forty-five samples gave evidence of poisoning, but
of tlese four came from two incidents, in each of which two apiaries were affected,
bringing the number of poisoning incidents to 43, compared with 40 in 1971.

Bees from 32 incidents reacted positively to our test for organophosphate poisoning,
a further sample also contained BHC and three gave inconclusive results. This test
measures residual cholinesterase after poisoning, and does not specifically identify the
insecticide residues. Evidence supplied with some of these positive samples suggested
that 13 incidents were caused by spraying beans (ning from ttre air), seven by spraying
peas (five from tle air), one by spraying peas or beans from the air, and three more by
aerial application to rape or mustard. In three further incidents, spraying of strawberries,
raspberries and 'fruit'was reported. In two incidents, treatment of beekeeping equipment
with preparations containing insecticide was suggested, one of these being the sample
which also contained BHC.

Aldrin was found in one sample associated with pea spraying, and dieldrin in three
where spraying of oil seed rape w:ui reported, two cases being from different apiaries
affected by the same application and the third involving application from the air. In
addition to the case reported above, BHC poisoned four other samples, one ofwhich was
probably malicious while two were almost certainly from the same (unknown) cause. We
identified carbaryl in one sample associated with reports of its use as a fruit blossom
ttrinner.

The most striking aspect of these flgures is the large number of incidents (19) reported
to involve spraying from the air; we know of none in 1971 and only tlree in 1970,

altlough more such cases were reported in earlier years.
Of the 25 samples received at Rothamsted by the end of June, we were unable to detect

poisoning in 19. The spring of 1972 was unusualJy cold and t!.is large number of negative
samples may be explained by deaths due to starvation of overwintering bees being
mistaken for poisoning. However there was a similar, if less marked tendency in previous
years; in 1971 the corresponding numbers were 37 and 16, in 1970, 38 and l0 and in 1969,

l5 and 9.

Acate toxicity oJ pesticides to honeybees h the laborutory, The methods already
repofied (Annals of Applied Biology, 0968) 61, 467) werc used to determine the acute
oral and contact toxicity to worker honeybees of four further pesticides. Dimethoate
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was included as a standard. Table 5 gives the results as median lethal doses (LD50) with
95 fo fiducial limits. Pirimicarb is of particular interest because its success as an aphicide
may lead to its use where b€es are at risk.

TABLE 5

Acute oral and contact toxicity of pesticides
to worker honeybees (Apis mellifera)

Conta{t

LD50 Fiducial limits LD50 Fiducial timits(pglbee) (pglbee)
dimethoate 0.ll 0.091 0.13 o.lo 0.091 0.11dialifor 29.2 23.5 36.8 2A.6 2t 3i
fetrazaflor 2.s 1.7 3.7 3'' ii ltpirimicarb 2.4 1.1 3.5 3.4 l.l j.9
NRDC ll9. 0.067 0.029 0.082 0.029 0.025 0.032

I 5-B€Eyl-3-furylnethyl (+>crr-chrysatrthelrate

(Stevenson)

Uptahe ofprcstic lesftom aqtcoat wlatioas by sbgs aad wont. As part ofa long-term
study otr the efects of pesticides on soil invertebrates, the factors determining the uptake
of chemicals and their toxicity in soil are being investigated. In a wet soil, a chemical
distributes between soil, water and organisms and in pretiminary tests to characterise
this distribution, the uptake of pesticides from aqueous solutions by slugs and worms
was investigated by measuring the chemical remaining in solution at intervals.

Uptake of both dieldrin and diazinon by two varieties of slugs (lnar ho ensi.t arLd.
Agriolimax rcticularw) and two varieties of worms (Allolobophora bnga arLd Lumbricus
,erreJrr) \vas similar. More than half the insecticide was removed from 50 ml solution by
2-5 g of invertebrate within six hours. More detailed studies with I. ,erreslns showed
that the rate of uptake of both diazinon and dieldrin was proportional to the insecticide
concentration over at least a loGfold concentration range, suggesting that uptake x,as
by a physical mechanism rather &an by active transport.

Ligaturing worms to prevent ingestion offfuid had no effect on uptake of either diazinon
or dieldrin. This indicates that uptake is through the cuticle and is probably limited by
slow diffusion processes in the worm because stiring the aqueous solution did not signi-
ficantly change the rate of uptake.

Uptake of endrin was similar to that of dieldrin, 95% beine removed from solution
after 24 hous but uptake of phorate and chlorfenvinphos was slower and half the
chemical remained in the solution after this time. (Lord with Edwards, Entomolory
Department)

Bchaviou-conbolling slstrDc€s

Wc continued to investigate a wide range of different species where there are prospects
of improving pest-control or management of beneficial insects by exploiting responses to
behaviour-controlling chemicals.

Pherommes from larvae of tte Mediterranean flour mott rtrd olter stored Foducts p€sts
The crowding pheromone which regulates the population density of larvae of the Mediter-
ranean flour moth Anagasta kuelmiella (Zeller) and the oviposition stimulant of ils
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pEtrasite yentnia cdnescens (Grav) are contained in 
-the 

larval mandibular glands' The
'clear, oily secretion from the gtands was obtained free from major contaminants by

draining ihe glands on to glass slides and shown by chrom-atography and mass spectro-

metry t-o conltain almost eiclusively a compound (I), which had the molecular constitu-

tion tzsHroOl and which elicited strong oviposition responses from the parasite 
'/'canescerus.

Larvae from other lepidopteran species related to A. kuehniella werc examined to see

if the same or similar compounds wire present. Extracts of dissected mandibular glands

from the last instar larvae of three lepidopteran stored products pests, the Dried currant

io/& zpt 
"sti" 

cautella (Wlk.), the I;dia; meal moth Plodia interPunctella (tliibn') and

the 
-ocoa motn fpf esit etuilla (}J:d'bn ) all contained as a major component, compou-nd

g1 previously identified in the mandibular glands of ,{. kuehniella. These extracts also

caused Z. canescens to oviPosir.
This suggests tlat the pheromone-mediated population regulation mechanism demon-

strated fo;1. kuehniella may also operate in other Lepidoptera and that the response is

not species specifc. (Mudd, with Dr. S' A. Corbet, Westneld College, London Univer-

sity)

Chemicals influencing behaviom of teaf cutting Nrtts Aoomyrmex oc'ospi"osru (Reich)

Nnd Atta cephllotes @1' Leaf-cutting ants are serious pests. of the New World tropics

anO sut-tropics wheie ihey cause damage comparable wili.that of_locusts. Poison baits

ofler the best prospects foi economic control and our work is aimed at finding chemicals

which could improve the efrciency ofthe baits aud their acc€ptability to the ants'

Phytochcmical urcstarrts. Further work to identify substances responsible for the

arresLnt properties of the grapefruit albedo used in the baits (see Rothamsted RePott for-
1i71, Pai t, t89 slowea-thit most, but not all the activity of a complete extract of
albedo could be obtained by combining the constituent carbohydrates' The comPfete

extract is therefore being examined more thoroughly to identify other components ofthe
albedo which contribute to the arrestant activity.

Pharytgeat ghtrds. The contents of these glands, which are inplicated in. food

sharing a;d thi transmission of insecticide within the colony, were idenffied previously

(Rothimsted Report fiot 1971,Paft1,189). This year we have-do3e f.urther work to deter-

mine tne origin 
-of 

the gland contents, i.e. whetler they are oblained exclusively from the

diet, f.om gl'andular s6cretions or from a mixture of both. The presence of elgosterol

io tn" gurd'nA"utes that at least some of tle contents are derived from the diet because

insects"cannot synthesise sterols' (Mudd, with Drs. J. M. Cherrett and D' J' Peregrine,

University College of North Wales, Bangor)

Truil pheromone. Poison gland extracts which contain the trail pberomone ofthe ants.

were eiamined and a fraction isolated chromatographically which had high trail-follow-
ins activitv. However, further characterisation was not possible because only very small

aiounts of material were available. (Mudd and Scott)

chemistry of aphirt cornicle secretiom and borly lipirts. The work on cornicle secretions

"i"pfriOJ 
(Rot'hamste1 Report lot tg7t, Part 1, 191) was completed and is summarised

in tde Absi.acts of pup".slp. 355). we have now extended this work to a study of trigly-

ce.ides i, the bodies of upiia. and found that they contain the same fatty acid radicals

as the cornicle secretions, but in different proportions. Although the triglyceride com-

position of body extracts (ike that of the cornicle secretions) was not well oorrelated v.ith
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taxonomic position, these extracts provide a second chemical characteristic that can be
usedto.define and identify a particurar species. Body extracts contain enough trigrycerides
for their composition to be determined in single aphids and the use oiboo! extracts
allows examination of aphids lacking cornicresind Lf specimens that do not give secre-
tion because of low body turgor. AII summer forms of rlfyz,s persicae (s,rz.) iad similar
body 

-triglyc€rides 
even when selected for resistance to oiganophosphorus insecticides or

bred for three months on an artificiar diet. The compositio-n of Lody triglycerides was arso
independent of colour in two aphids species in which pint and leen fo.ms vleii
compared.

wlen comicle secretions were conected progressively so as to draw increasingry upon
body-fat reserves, their composition changea graduanyiowards that of the body"extr;cts.
(Griffiths and Greenway)

c.odting 
-moth. Field trials using the synthetic sex attractant (trans-g, trans-10-dodeca-

dien-l-ol) were conducted during 1972 at East Malring- Male moths were caught by this
attractant 9Tller in the year than by conventional ligtrrtraps so that longJr advance
warning of infestation can be obtained. Unlike the light-trips, the material is highly
snecilc jor codling although it did co[ect a few otheirelated iepidoptera. Bven silait
populations of moths in orchards sprayed with insecticides could'be detected. (Green_
way, with Dr. J. Cranham, East Maling)

Ctenicals afecting behaviom of whst bulb fly larvae. Further laboratory and glass-
house tests were done to characterise the subitances in cerear extracts trit affeci the
behaviour of wheat bulb fly larvae. previous observations showed that wheat extracts
have an 'arrestant' eflect and oat extracts an 'anti-arresta nt' effect (Rothamsted Report for
1970, Part 1, 167-168). We have now found that extracts from shoots of barley, rye and
ryegrass also act as arrestants. Guttation droplets from growing wheat seedlings lailed to
arrest larYae.

^ !Tru9 attacking wheat in the ield will rarely enter a plant already occupied by a
feeding larva; if a second larya does enter, it usually diei (Cough (ig46), i)"il";; ,f
Entomological Research 37, 251-271). However, we iound no diFerences.between the
arrestant properties of extracts from attacked and healthy wheat shoots in laboratory
tests' Also, an extract of actively feeding second instar larvae dissected from attacked
lyheat plants did not arrest other larvae or produce an 'anti-arrestant' effect when added
to wheat-

The persistence ofaqueous extracts containing 'wheat arrestant' and .oats antiarrestant,
was measured by incubating them at 20.C both witl and without fresh soil and compar_
ing their biological activities at intervals with extracts stored at 0'c. After 25 daysjthe
extracts incubated without soil lost half their activity whilst those with soil weri com-
pletely inactive.

_ To see if plant extracts could be used to interfere with host plant location, further
box tests were done to examine the eflects of oat and wheat extracts on attack by wheat
bulb fly larvae (see Rothmsted Report for l9Z I , part I , I 90). Application of oat ixtracts
decreased the numbers of wheat shoots attacked compaied *ith *h"ut extracts and
controls, but because oflarge standard errors, the differences were mostly not statistically
significant in this year's tests. Application of wheat extracts had no effect on the total
number of attacked tillers. Although oats are themselves immune, they did not protect
wheat plants when grown Dext to them

_ 
In anotherseries of tests, boxes were divided so that one half contained compost and

the other half a 3 :1 (flw) mixture of compost and activated charcoal. Larvae fiom eggs
placed along the line sepamting tle two sections attacked a mean of 2g shoots/I00 plaiis
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growing in the charcoal side compared with 90 shoots/loo plants in the compost side.
When activated charcoal was applied to a small arsa around each seed, 30 shoos/100
plants were attacked compared with 48 shoots/l0o untreated plants in the early stages of
the experiment. However, this diference became less marked as the experiment progrcssed'

It is possible that the charcoal in these tests absorbs wheat exudate so that larva€ are
unable to locate the plants, but it may act as a physical barrier to the larvae. Further
tests are therefore needed to find out exactly how charcoal protects wheat from attack.
(Scott and Greenway)

Movement of 9-oxodecenoic acid on bees' bodies. This work is described in the report of
the Entomology Department (p. 220). (Callo wand Greenway, with Butler and SiDpson,
Entomology Department)

Equipment rtrd techniques

Sampling a l sprryiry equipment The radial outflow turbine developed for use with
spore trapping equipment (Rothatnsted Report for 1968, Part 1, 189) is now produced
commercially. Continuous operation of recording spore traps in heavily polluted atmos-
pheres has shown the considerable advantages of this type of glandless, seal-free pump
compared with the positive displacement pumps previously used. The ins€ct suction
sampler powered by a petrol engjne (Rothanated Report for 1968, Part l, 189) is also in
commercial production and marketed as the Univac Sampler. Several refinements have

been made, so that the samples collected are now easier to remoYe and less prone to
damage.

The atomisers developed in 1967 have now been evaluated using a modified Kearns and
March spray chamber. The much smaller air input from these atomisers comPared with
conventional sprays minimises miing and turbulence within the chamber. Spray distri-
bution is improved by moving one of the two horizontally opposed atomisers to a position
9 cm above the centre line of the chamber. The mass median diameter of the spray
deposit during these tests was 60 /.m.

Measurement of insect actiyity. For further studies ofwheat bulb fly activity (see report
of the Entomology Department, p. 207) an apparatus has been developed to record their
flights. Theflies are contained in a 60 cm3 cage consisting of a light wooden frame covered
with terylene mesh. The top and side panels are connected to a low impedance transducer
by a continuous nylon thread. Movement of the panels caused by a fly alighting on the
mesh is detected by the transducer, amplified, and used to trigger an event recorder and
elextro-mechanical counter. The cage is suspended by elastic bands and cords which isolate
it very effectively from airborne vibrations and those transmitted through the structure
of the building. Because a low impedance detector is used electrical screening is unneces-
sary, the equipment being unaflected by nearby electrical apparatus or the fluorescent
lights required to provide periods of artificial daylight. A detector capable of indicating
the frequency of wheat bulb fly feeding is now being developed. (Arnold)

Elec'lronic cormting of imect nerve fibres. In studying the neuroanatomy of the central
nervous system of the c.ockroach Periplaneta americona (L-) (Rolhamsted RePort for 1970,

Part l, 176) it has proved difficult to count the many very small fibres (<2 pm diam.)
in some ofthe peripheral nerves and their root bundles. This was overcome with a camera
lucida and Arnold portable electronic counter ( Laboratory Practice (1969) f8, 444-44r.
The image of the tip of the counter probe could be seen superimposed on the microscope
field in the same way as the pencil point when drawing, and the nerve fibres counted by
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touching the probe tip against the dray.ing-board at the position of each fibre. Using a
felt-tipped pen as the probe enabled fibres to be marked offon paper to prcvent counting
any twice. The method showed that there are more small sensory fibres than thought
previously: about 700 in the mesothoracic nerve 2, 150-200 in nerve 3 and over 600 in
nerve 5. (Gregory)

Arfiffcial feeding of aphftls. The us€ of purer materials, and practice in techniques, now
enables us to keep Myzar persicae (Sriz-) for several months on tlre artificial diet described
by Mittler et al. (lournal of Insect Physiology (1970) 16, 2315-2326) and so begin using
this technique to study the effects of plant constituents on aphid behaviour. However,
nine components of the diet, although perhaps necessary for proper nutrition, deterred
many individuals of M. persicae from feeding and are better omitted when immediate
acceptability is required, for example for tests on uptake of insecticides..Diets lacking
these materials were also morc readily accepted by Acyrthosiphon priurn Harris and
Aphis fabae Sap. Neither diet was suitable for Megoura viciae Buckt. which can penetrate
the parafilm membranes retaining the diet but which may require specific plant substances
to encourage feeding. (Griftths and Greenway)

hect rearhg. The following species were reared:

Pr"{Nr FEDERS

Homoptera Aphis fatue (*o9)
Myzus persicae (Sulz-)

Strains. Susceptible
Two orgaDophosphate-r€sistanr

Megowa viciae Buckt.
Hemiptera DysdetcusintermcdiusDistLnt
Coleoptera Phaedoncochleaiae(F.)

Orthoptera

Lepidoptera
Diptera

OnrERs
Blaberas discoidalis (L.'l
Perip laneta an*icana (L.)
Pieris brasicae (L.\
D r o s op h i la rie I arrogas t er (Mdg.)

Strains. Normal
Vestigial y,/iogs

Musca dornestica (L.\
Strains. ac,' ar; bwb; ota SRS-fully susceptible to DDT, dieldrin

and organophosphorus ins€cticides
SKA--diazinon s€lected, ycry resistant lo many organo-

phosphorus insecticides
Sever-al strains derived from SKA, each with one or more

factors of rcsistance to organophosphorus iosecticides,
DDT or dieldrin. 239 fb and 49 r8--dimethoate selected,
very resistant to maoy organophosphorus ins€cticides

Several strains derived from 239 fb and 49 rz, each with one
or morE factors of resistance to dimethoate, and other
organophosphorus ins€cticides

NPR-pyrethrum extract selected, very resistanl to pyre-
rhroid irsecticides, l(X-resmelMo selected, very resistant
to r€smethrin, ac; ar; bwb; oqa--<zl7ed 608Q fuly
susceptible to pyrEthrum knockdowD, pyrethrcid ins€cti
cid€s and to carbamates
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Some straiDs d€rived from NPR each with one or more
flctorsnof resistance to pyrethroid iosecticid€s, DDT and

Two strains with DDT knockdown resistance, kdr4;5O7
A wild type susceptible strain

Calltthora ery t hrocephola (Meig.\
Hymenoptera ActomyrmcxocrosPirusut(Reich)

Atra cephalotes (L.)

ftngicid€s

Tests of fungicides to control common scab on potato tubers were continued, and

erperiments on ttre efficiency of mercury seed dressings in controlling Seploria nodorwn

and Fusarium nivale on wheat were started.

Glrsshouse tosts. A few tests last year indicated that some simple chlorinated l,Lbenzo-
quinones were effective as soil-treatments to control potato common scab (causcd by
sbil-borne Streptomyces scabies). We have now tested many other quinones as possible

scab-control chemicals; this was done, as before, by mixing them with scabinfested soil
from Great Hill Bottom, Wobum, in which Majestic plants were then grown in the
glasshouse.

No anthraquinones or naphthoquioones were efective ; thus, the following either failed
to control scab (P: 0'05), or damaged the plants, or both, at 50 ppm: l-chloro- and
2-chloro-anttrraquinone; 1,,lnaphthoquinone, 2-cbloro-, 2-hydroxy-, 2-methory-, 2-
methyl- and 2,3-dichloro-1,+naphthoquinone (dicblone).

TaLle 6 shows results with substituted l,zl-berzoquinones and hydroquinones, including
chloranil (tetrachloro.l,zl-benzoquinone) and also quintozene as a sandard for com-
parison. Yields and amounts of scab are given as Percentages of those in the corres-
ponding 'nil'-treatments; the figures are the mean percentages from the numbers of tests

shown (15 plants per treatment per test). Roman type indicates effects that were not
significant (i.e. P> 0'05), and bold type those that were significant at P < 0'01 (yield)

orP < 0'001 (scab).

The quinones varied greatly in their actiYity against scab and their phltotoxiclty.
However, as would be expected, corresponding l,Gbenzoquinones and hydroquinones

TABI.E 6

Efects of soil-teatmenls with substituted quinones (50 ppm) on relative yield and
scab incidence in ,he glasshouse

6

7
4
2
2
5
4

3

23

Yield
q)

I ,,1-Beozoquinones

Substitu€nt
no substituent
carboxy-
chloro.
methyl-
phenyl-
2,5.di-tert.butyl-
2,5dichlorc.
2,ftichloro-
2,5{ihydrcxy-
2,&dimethoxy-
tetmchloro-
quintozerc
'nil'-trcat4€nr

No. oftesls Yield Scab

6952;1
2t@93
992 15
280 17

23436l',::
239sUlm lm

Scab

%;
t3 19
98 23
30 2l
106 U
99 29
109 124
r, 88
109 6r
952/
lm 100

No. of
lests

t9l
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which are easily converted into one another in biological systems behaved almost identic-
ally._ For example, both the 2,5-di-tert.butyl- compounds damaged the plants severely
and 

_both the 2,5-dichloro- compounds controlled scab well without decreaiing yield.

- All tbese tests were done at 50 ppm ofchemical in soil. However, in one test, cirloro-1,+
benzoquinone and chloro-hydroquinone controlled scab almost as well at 25 ppm as-at
50 ppm, with slightly smaller decreases in yield.

In general it is clear that, allowing for compounds not tested here' there must be many
l,4benzoquinones- and hydroquinones which control scab as effectively as quintozeni
without afecting feld. The most acceptable of those tested were possibly the 2,idiclrlo.o-
compounds. However the established fungicide chlorani.l (tetrachloro- l,rlbenzoquinone)
w_as only slighdy active, and dichlone (2,3-dicbloro-l,zlnaphthoquinone) which isihemic-
ally more stable than chloranil, was ineffective; by contrast, the simptir benzoquinones
and hydroquinones r ere more effective.

Because of this, we tested some unsubstituted polyhydric phenols, and a few of their
ethers, in the same way. Catechol was slightly less effective than hydroquinone, but did
not decrease yield; all the others tested had slight or no efects on scab and yield, viz.
catechol-monomethyl ether (guaiacol), catechol dimethyl ether (veratrole), resorcinol,
hydroquinone mono- and dimethyl ethers, pgogallol and phloroglucinol.

These results confirm the vie\y that the best scab.control chemicals in this series are
likely to be simple quinones, i.e. either catechols or hydroquinones (or their correspond-
ing benzoquinones); neither chlorination nor stability seems to be n;cassary.

field fuisls

Cotml ofscal by haaln-syays. I-ast year we reported Iaboratory tests which showed
the possibility ofcontrolling scab by spraying the foliage with ethionine. This has now been
confirmed in two simi.lar small field trials (var. Maris Piper) at Woburn, one in Great
Hill Bottom atrd the other in Schoolfeld.

Aqueous solutions of Dl--ethionine, with and without dimethyl sulphoxide (to increase
penetration into leaves) and 'Manoxol OT' (a wetter) were sprayed on the haulms at
about 130 gal/acre (1460litres/ha) on 13, 16 and 20 June, when tuben were beginning to
forn and were susceptible to attack by S. scabies. Scab indexes, which are esiimates of
the percentages of the skins disfigured by scabs, were calculated at harvest from 40 ware
tubers per plot (three plots per treatment per trial). falls J srrmmarises the results.
Ethionine decreased the amount of scab, but neither of the additives altered its effective-
ness. The total amount of ethionine applied, on all three occasions, was about 9 kg/ha;
the resulting control compared favourably with that given in previous field trials by ioil-
treatment with quintozene at about 80 kg/ha.

The plots in these trials were too small (one row x 3.3 m) to give reliable estimates of
yield, but there was no indication that any of the treatments afected yield.

TABLE 7

Efects of hauln-sprays on fucidence of potato comrnon
scab in the feld

Spray Eeatment
dl
0.2% Dl-ethionide
0.2% Dl-ethionine + 0.5% dimethyl sulphoxide
0 2% Dl"ethjodtre + 0.02%'Matroxol OT'
ISD, P : O'01

P : 0.fr)l

Scab indexes
(eeaos from two tdals)

40
28
31
29
7

10
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Control of scab by soil-treatment. Residual etrects from last year's trial on School8eld,
Woburn, were measured by re-planting the site with potatoes (var. Maris Piper), without
further application of chemicals to the soil. As before, yields and scab indexes were
measured at harvest. Table 8 shows that there was a clear residual effect on yield by
pentachlorop),ridine and on scab incidence by quintozene, corresponding to the direct
effects in 1971. However, captafol, which affected scab almost as much as quintozene in
1971, had no residual effect this year.

TABI,E t
Residual efects of soil-fieatments on yield and incidence

ofpotato corn on scab in thefeu
Total tubers, Scab
todnes/tlE in<iex

t97t 1972 t97t 1972
Treatmeat Rate,

in 1971 kcAa
quitrtozeoe 7a
captsfol 18
captafol 39
dioocap phenols 78
peatacNoropyridirc 78
Dil
ISD, P : 0.05

P-001
P: 0'001

13 32
ls 38
16 38
29 43
22 46
22 42
47
610
8-

3942
49 46
50 50
45 50
m32
45 48
99
t2 t2
16 16

(Mclntosh)

Tr€atmert of potlto see.I tubers to control iliseases Work on the behaviour of fungicides
applied to potato seed tubers is described in the report ofthe Plant Pathology Department
(p. 150). (Lord, with Tisdale, Plant Pathology Department)

Behaviour of Fopionic acirl in hay. Studies on the use of propionic acid to prevent
moulding and heating of hay are described in the report of the Plant Pathology Depart-
ment (p. 129). (Lord, with Iacey, Plant Pathology Department)

Pltnt growth regulators

Behaviom of chlormequat on whert and barley. Chlormequat is a plant growth regulator
used to prevent lodging of wheat by retarding stem grol+th, but it has comparatively
little effect on barley. The reasons for tlis difference are not known, but Alcock and
Morgan (Proceedings of the 9th Briti,sh lYeed Control Confermce 1968,1,238) postulated
that chlormequat is translocated more freely in wheat than barley. We therefore compared
uptake and movement of laGlabelled chlormequat in wheat and barley leaves.

Small drops (2 pl) of 0'25%Mc-labelled cblormequat i] 50% aqueous acetone were
applied to leaf surfaces of intact wheat and barley plants. Aqueous solutions without
wetter are usually used in practice but acetone was essential in our tests to improye
wetting of the leaf surfaces so tlat drops could be applied reproducibly.

Measurements at the point of application with a thin-end-window Geiger counter
showed that about one-tlird of the radio-activity was lost from the leaf surface in one
hour, the material eotering wheat faster than barley. Measurements above and below the
point of application showed that radio-activity moved faster towards the leaf tip than
towards the root. The results were confirmed by repeated scanning of leaves using a thin-
layer chromatogram scanner with a windowless counter.

The distribution of radio-activity was measured quantitatively by cutting treated
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leaves into t cm lengtls 24 hours after applying the chemical. Each section was washed
witl water to remove chlormequat from the surface and then ground with ethanol to
extract radio-actiye chemicals from the leaf tissues. Radio-activity in both washings and
extracts was assayed by liquid scintillation counting. At least 90% of the radio-activity
was found in the surface washings from barley compared with lesi than half for wheai.
Amounts in surface washings from sections on either side of the point of application were
negligible. The corresponding extracts contained significant amouns of iadio-activity,
however, with more moviDg towards the tip than towards the root. Examination of the
extracts by chromatography on silica gel loaded paper followed by autoradography
showed that ttrere had been little metabolism of the chlormequat.

Similar general trends were observed when tests were extended to /t-Z days, although
as exp€cted uptake and movement were more extensive. (Lord)

Strfr
C. Potter retired iD April after 34 years with the department, the last 25 as head. Fortu-
nately, ho\yever, he will remain associated with the department. R. K. Callow also retired.
G. L. Bateman was appointed.

At the invitation of the organisers, P. E. Burt read a symposium paper at the l4th
International Congress of Entomology in Canberra and subsequently visited research
laboratories in Australia. I. J. Graham-Bryce contributed an invited paper to atr Inter-
national symposium on 'Pollution, Engineering and Scientific Solutions' in Tel Aviv and
visited research institutes in Israel as a guest of the Yolcani Centre for Agricultural
Research. He also read an invited paper at the llth British Weed Control Conference,
Brighton, and was a member ofthe United Kingdom delegation to the FAO Conference
on 'Ecology in Relation to Plant Pest Control' in Rome. A. R. Greenway read a paper
at the NATO Advanced Study Institute on the Chemistry of Insects, Varenna, Italy.

At the invitation of the Pakistan Government, K. A. Lord spent two weeks in Karachi
advising the Department of Plant Protection, Ministry of Agiculture on methods of
studying pesticides. F. T. Phillips spent one montl in the West Indies investigating the
persistence ofinsecticides on baits and the possibilities ofusing slow-release formulations
against fopical pests.

Sandwich course students who worked in the Department were S. Ladyman, Barbara
Morison and A. Mulkerrins-
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