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ROTHAMSTED REPORT FOR 1979, PART I

Introductiou

Investigating how best to use organic compounds to protect economically important
c.ops i.o- insect p€sts and fungal diseases is a very important aspect of our work'
muih of which is therefore necessarily related to themes of the Seventh Report, on

Agriculture and Pollution, of the Royal Commission on Environmental Pollution,
published in September, 1979.- 

The Commisiion recognises the crucial rote of pesticides in the dramatic increases in
agricultural productivity during the last few decades and that at present they are essential

tJ maintain irop yields and keep down costs of agricultural products, and in the field of
public health, to iontrol insects transmitting diseases. The concern of the Commission

is not with whether pesticides should be used: it is that they should be used ltisely with a
balanced assessment of risks and benefits, a philosophy completely in harmony with
the Departmental programme. The ideal pesticide would aflect only the pest and break

down into harmlesi constituents after achieving its purpose' Many of the current insecti-

cides are too persistent or unduly toxic to mammals and beneficial insect species. Never-

theless the sustained multidisciplinary project in the department to establish principles

by which improved insecticidei and fungicides might be develo-ped has demonstrated,

in the synthetic pyrethroids, an approach to the compounds specified by the Commission'
These insecticidii are stable enough on leaves in sunlight to protect agricultural crops and

b€cause they are so actiYe, are usad at Yery low application rates (for some compounds,

down to l-30 g [3-l), so diminishing the risk of environmental pollution' Further, they

are broken doin readily by esterases and oxidases in mammals and soil microorganisms.

They have a more fauouribl" bulun"e of properties than many earlier insecticides and in

recent applications, because of their low mammalian toxicity, have been shown to be

suitable-for immediate pre-harvest treatment of vegetable crops (celery, lomatol;'
cabbages, lettuce, potato;s, etc'). The present commercial pyrethroids are still insuffi-

cientli selective beiween pests and predators but the, broad range of structures now

.""ogrit"d in the group, all with generally favourable characteristics, indicate that

further improved compounds, some selective, can be found'
Significant progress can now also be recorded in another comprehensive project to

estai'lish fundamintal principles for developing improved crop protection compounds,

in which the factors determining the downward mobility of exogenous compounds

sprayed onto plant leaves are studled. We previously reported that the growth regulator

daminozide and the nol-protein amino acid ethionine act in this way againsl potato

common sqrb. However, the necessary concentrations were high (2-10 g litre-l)' We

now describe an altemative range of simple compounds ($owth retardants) active at

much lower conc€ntration (0'l-0'2 g litre-1), a promising lead for future develop-

ments.
Having concluded that, for the foreseeable future, pesticides will be essential for food

producti6n and in Public health, the Commission considers very serious the potential

growth of resistance to pesticides and recommends intensified work to dev€lop stlategies

io delay the onset of resistance as long as possible. Much of the Department's work is

already so oriented \yith detailed investigations of the mechanisms by which organisms

become resistant and ofthe genetics and dynamics of pest populations; a recent generous

grant from the Leverhulme Trust has enabled us to appoint a population geneticist to
itrengltren this etrort. Ctarification from fundamental studies is illustrated by our demon-

strati,on that strains of Myzus persicae react to pressure from insecticides by producing
more of the enzyme responsible for insecticide detoxification, individuals having up to
64 copies of the necessary gene. In parallel work on plant diseases, we have shown that
the action of hydroxypyrimidine fungicides against powdery mildew on barley involves

ll0
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interference with the essential function of adenosine deaminase in salvaging purines
during primary infection.

We haye been disturbed to 6nd several resistant populations of houseflies and more
resistant variants of the peach potato aphid in regions where they were previously rare
or absent. In practical field work, we have exterminated complete populations of pyreth-
roid-resistant houseflies from pig farms by exploiting the low mammalian toxicity of
bioresmethrin-synergist mixtures, which allow operators to apply concentrations high
enough to kill even very strongly resistant adults, and so stop breeding. However, the
surrounding populations of insects which re-infested the farm were already resistant.

A further section of the Royal Commission's report comments on the scop€ for
improving the efficiency with which pesticides are used-in some cases more than one
million tirnes more pesticide is applied than is needed to kill the pest directly. Controlled
droplet application migtrt be significantly more efrcient. We are developing electro-
statically charged spray systems which control droplet size directly and increase deposits
on the undersides of leaves.

Although the Commission expects that compounds affecting pest behaviour will have
little economic significance before the end of the century, we maintain a broad pro-
gramme, largely in collaboration with the Entomology Department, to establish poten-
tially important applications within our field of interest of techniques exploiting such
compounds; the value of such approaches is confirmed by the commercial success of
our development of sex attractant lures for the pea moth. The possibility of using alarm
pheromones to increase mobility ofaphids and thereby enhance contact with insecticides
is being investigated. A practicable synthesis of one of the pheromones from the laral
mandibular gland, of Ephestia kuehniella, reported last year, will enable us to establish
the broader significance for pest control of compounds with this noyel structure.

Imecticides

Relrtiomhips between moleculsr stucture eDd insecticidal &ctivity of pyrethroirls

3-Benzoyl-, 3-benzyl ad othcr sttalogues of 3-phenoxybeuyl srrers. Previous work
established that pyrethroid-like activity is retained with various bridging groups (X) in
substituted benzyl esters (I). The eflect of varying X in new combinations in which y
?td Z arc also changed has now been examined.

The compounds with X:O, as in the photostable pyrethroids now being developed
commercially, are most active. However, other sterically equivalent groups (CH2 and
C:O) consistently confer some activity (l-30 f of the optimum) to both houseflies and
mustard beetles. Further, compounds with X:C{ knocked down houseflies more
strongly. These results indicate that the requirements for the $oup X, like those for
many other parts of the pyrethroid molecule, are primarily steric rather than chemical,
and that varying X gives insecticides with different combinations of properties. Bulkier
groups (X:N.COCH3, CHzO or CHCN) do not fulfl the requirements, presumably
because ttreir size and stereochemical characteristics interfere with the ability of the
molecule to fit at the site of actioo. 

,r,
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Pheruxypyridylnethyl esterc. T}l.e effects of isosteric replacements have also been
investigated in the A ring of 3-phenoxybenzyl esters ([I; P:Q:CH) with contrasting
results. Two series of pyridines (II; P:CH, Q:N and P: N Q:CH) were syn-
thesised via rearrangements of the corresponding 2-methylpyridine N-oxides (cf. G. R.
Clemo et al., Journal of the Chemical Society (1954),2693). Of the two series, one (with
P:N) is about as active as the benzenoid compound, but the other (with q:51 ;t
almost completely inactive. The change (N for CH) is unlikely to induce severe con-
formational changes in the free molecule, so presumably some disadvantageous additional
binding to the basic centre is possible, but only in the less active series. Much of this
work was done in 1974, but for commercial reasons could not be reported then.

Stereoselecrivity in fornution of pyetfuoidal esterc. A racemic acid chloride reacting
with a racemic alcohol will not give exactly a 50/50 mixture of the two diastereomeric
pairs of esters, since interaction between the two chiral centres leads to different rates
of formation-

\-,,. RS + SRI

A"-0?*.._Tldnn'ss/'do'
J rnsr

An analogue of fenvalerate (Y:Me) prepared by the usual method, showed a large
diastereomer imbalance (69:31) due to this effect, the first recorded instance for pyreth-
roids, so further compounds were synthesised to analyse the influential factors.

The results (detzils: Pesticide Science (1980), in press) show that as Y was changed,
imbalance fell in the order Me>Et>Prt, and the effett .r as more rnarked with the acid
shown than with cyclopropane acids, important for the activity of their esters. Separation
of isomers in the example with Y:Me established that the less insecticidal ester is
formed preferentially. It has not yet becn possible to exploit the effect in a commercially
important ester. (Chemical work: Elliott, Janes, Johnson, Khambay and Pulman;
biological work: Farnham, Jenkinson and O'Dell)

Action of imecticitles o[ iNect nervoG systems

Actioa of pyrahro ls in vivo. The technique described in last year's Report (Part l,
130) for recording action potentials from nerve 5 in the metathoracic legs of living
cockroaches (Periplaneta americana (L.)) by fine wire electrodes implanted at the
trochanter was used to examine the action of pyrethroids rz viva.

Thirty minutes after a just lethal dose (3 g.g) of bioresmethrin was applied topically
to the metathoracic sternites of electrode-implanted cockroaches, small spike repetitive
activity (presumably from rcnsory axons) increased, accompanied by volleys of larger
amplitude (presumably motor) spikes as behavioural incoordination developed. After
3-5 h, damped oscillations with flexing of the femur appeared, similar to those observed

112
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by Narahashi (Journal of Cellular antl Comparative Physiology (1962),59, 6l) in cock-
roach giant intemeurons treated with allethrin. Motor actiyity ceas€d rather suddenly
about 6 h after treatment, but some sensory activity continued up to 12 h. On cutting
nerve 5 within the body cavity, the number of large spikes diminished, but, surprisingly,
amputation of the leg below the trochanter changed the frequenqt of large and small
spikes only slighdy. Hyperactivity persisted in the neryous systems of paralysed cock-
roaches, confirming other workers' observations.

The repetitive actiyity caused by bioresmethrin may therefore arise partly from the
sensory axons themselves, and not from regions of spike initiation alone. Similarly, some
abnormal motor activity apparently arises in motor axons. Further work may establish
whether the abnormal motor activity is caused by intoxication of the central nervous
system, or of motor axons, or is a response to abnormal sensory input. (Burt)

Acrtvity of cubinol aaalogues of DDT in hoaseflies, Studies of the action of FDMC
(bis(p-chlorophenyl)trifluoromethylcarbinol) and dicofol on housefly nervous systems
were continued to try to explain the absence of resistance to these carbinol analogues of
DDT in DDT-resistant houseflies.

When the action of the carbinols on 'flight-motor' preparations of adult, susceptible
houseflies (Miller & Kerutedy, Pesticide Biochemistry and Physiology (1972),2,206) ar.d
on peripheral nerves in the body-cavities of susceptible third instar housefly larvae was
compared with that of DDT, diferent patterns of abnormal nervous activity were ob-
served, suggesting that the action of carbinols may indeed differ from that of DDT.
(Goodchild)

Knock-down teristsnce ia houefies. Two neurophysiological techniques were in-
vestigated for identifying kdr in pyrethroid resistant houseflies. In the first, endogenous
trains of pulses from the surface of the eye through a conducting gel electrode were
recorded before and after applying bioresmethrin topically to a physically restrained fly.
For the second technique, the influence of bioresmethrin on the exposed thoracic ganglia
of susceptible and resistant flies was assayed by monitoring nervous activity through a
tungsten electrode in the anchored left hind leg. In eight different strains of housefly,
susceptible or with various combinations of kdr alad other resistance mechanisms, the
first technique showed no differences that could be correlated with the presence or absence
of kdr, but preliminary results with the second indicated that it could be developed to
diagnose the presence of tdr in individual flies although the mode of action of kdr
remains obscure. (Farnham, with Dr. E. Shipp, Dr. C. J. Orton and Mrs. R. Gunning,
University of New South Wales, Australia)

Nearoamtomy of the insect cerrral nervous system. This work complements electro-
physiological studies of the mode of action of pyrethroids (see above), for the full inter-
pretation of which mapping of the ganglionic structure is essential, because to study
efects on individual neurons or groups of neurons, their position, relationships and
pathways must be known.

The neuron cell bodies (somata) of the mesothoracic ganglion in the cockroach
Periplaneta americana (L.) and their nerve fibre pathways were described further. More
details of the seven unpaired median groups (Rothamsted Report for 1976, Part l, 165)
were obtained, particularly oi the courses of the fibres of the posterior median group
which are associated with the complex supramedian commissure. The fibre bundles from
each cell group follow different courses and some form components of the transverse
commissural tracts thatjoin the ganglion halves across the midline. These are some of the
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most complex regions in the ganglion and unravelling of their structure continues.
(Gregory)

Neuroanatomical techniqoe: improved synthetic fixstiyes for Bodisn silyer stsining. Con-
tinuing to investigate how varying the composition of Bouin fixatives modifies their
performance (Rothamsted Report for 1976, Part l, 175), fixatives with no formaldehyde
were found to result in neurons staining without afecting adjacent glial cells, and with
25)j ethanol: 5"1acEtic acid, to impregnate hymenopteran (honeybee) nerve tissue well,
although this was previously considered resistant. A new, shortened Bodian technique
exploits the more intense staining obtainable after these fixatives. Nerye tissue fixed in
the 25 : 5 mixture with or without additional ethyl acetate (last year's neporl, part I, 146)
and with or without formaldehyde according to the glial staining desired, needed only
one ovemight impregnation in the silver-protein protargol and a shorter distilled water
rinse. When developer sodium sulphite concentration was adjusted to suit tissue charac-
teristics and section thickness, even thinner (10 pm) sections were stained satisfactorily.
(Gregory)

Resistut hoGeflies

The disEibution of resist[t hoGefly populatioDs. Field populations of houseflies were
collected from seven farms (predominantly pig-houses) within 6 miles of Rothamsted
where various control agents (e.g. iodofenphos, pyrethroids and sticky paper) had been
used. Adult flies reared from the samples were assayed against the standard susceptible
Cooper strain with six pyrethroids, two organochlorine insecticides and five organo-
phosphates. Despite variation in sizes of original samples (20 to ,100), geographical
distribution and previous history of control methods, there were no signiflcant differences
between any of the populations including one described last year (last year's Report,
Part I , 133) whose resistance level had been little affected by subsequent chemical control.
All strains diflered genetically from earlier strains now maintained at Rothamsted and all
resisted tetrachlorvinphos, malathion, trichlorphon, DDT and dieldrin strongly and
pyrethroids weakly. These unexpected results indicate a local distribution of uniformly
resistant populations and emphasise the need for sampling from more distant sites.
(Farnham and O'Dell)

Attenpted exterminotion of pyrethro l-resistud housefiies by lrequeat application of
lahal closes, When arthropods have developed resistance to one group of pesticides
control has usually been attempted with alternative effective compounds, but this has
sometimes led to pests resistant to almost all suitable control agents. Extermination of
isolated infestations with doses great enough to kill even the more resistant individuals
has seldom been feasible, because neither operator nor mammals in the vicinity could
tolerate the high concentration of pesticide necessary. However, pyrethroid resistant
houseflies detected on animal (pig-breeding) farms in Southern England (ast year's
Report , Part I , I 37) provided a suitable opportunity to test the feasibility of this procedure
with pyrethroids of low mammalian toxicity. Houseflies moderately (x5-x 15, near
Ipswich) or strongly ( x 100- x 1000, near Harpenden) resistant to pyrethroids were sprayed
repeatedly with 'Reslin l0' (piperonyl butoxide, bioresmethrin I : l) to kill all adults
and thereby interrupt the breeding cycle. After 6 weeks the farms remained free ofadults
for the rest of the cold season and were recolonised only in the late spring. However, the
new arrivals were also resistant; but only to the extent later found common in Southern
England (see Farnham report above). (Sawicki, with Mr. G. T. Bills, ADAS, Ipswich,
and Dr. P. R. Chadwick, Wellcome Foundations, Berkhamsted)
114
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Insettsitive acetylcholirustefuse in resistanl housefies. The Todified acetylcholin-

esterase in some sirains of houseflies that resist organophosphate insecticides is not only

less sensitive to inhibition, but is only approximately half as active as normal in hydrolys-

ing the natural substrate. This result couid arise from the presence ofless enzyme or from

its diminished effi ciency.
Therefore, the catalytic c€ntre activities (CCA) of the susceptible and resistant forms

were compaied by irreversible phosphorylation with 3H di-isopropylphosphorofluoridate
(DFP), f;llowed- by measurementi of both residuat enzyme activity and amount of
iouod-inhibito.. A correction for non-specifically bound DFP was made from control
incubations containing excess acetylcholine to protect specifically the acetylcholinesterase.

The CCAs were, l'36-x lo5 and 0169 x 106 mol acetylthiocholine hydrolysed Per minu-te

fer mol of normal and insensitive enzyme respectiYely. Thus both types of fly have the

iame amount of enzyme, but the mutant form is less efficient'

From these CCAi and the rate of acetylthiocholine hydrolysis by homogenates of
individuat houseflies, each fly is estimated to have 0'42 pmol (2'5 x l0r1 molecules) of
enzvme. since the LD50s of most organophosphates to susceptible houseflies are from

o.oj t.0 nmol, only 0'04-l'21of this is required to inhibit all the acetylcholinesterase,

and in a fly surviving this dose, 99/. or more is eliminated by metabolism and excfetion.

In resistant flies LD50s may be loGfold larger, so that as little as one Part in lS need

bind to the acetylcholinesteiase to kill the insect' (Devonshire and Moores)

Pyrethroid synergism. Earlier work (Rothamsted Report for 1977, Part l, 137) on the

influence of thi time interval between applying synergists and pyrethroids on toxicities to
susceptible houseflies was broadened to include strains with either the knock'down
resistince factot kdr (R.F. l0) or the delayed penetration factor, pen (R'F. l'2) All
strains were most affected when the insecticide (either S-bioallethrin or lR,,ram-tetra-
methrin) was applied l-3 h after 1 pg of either propyl 2-propynyl phenylphosphonate

(PPP) (ihe mori effective synergist) or piperonyl butoxide (pb). At p€ak activity each

additive synergised either pyrethroid equally against each strain'
when ihe synergist was applied before either pyretbroid, the rates of decline in the

degrees of synergiim as the time interval between treatments increased were broadly
similar in all strains, but the decline started eartier (after c. 3 h) in the susceptrble and. pen

strains than in kdr (after c. 8 h). The rates of decline of synergism when either synergist

was applied after the pyrethroids to susceptible or kdr flies were similar, suggesting com-
parabie rates of loss of activity of pyrethroids in both strains. 

.

Pen flies showed the geatest differences. With the combination of either pyrethroid

and pb, the decline in synergism w:rs much slower whichever compound was applied

first. When PPP was applied after the pyrethroid tlere was also a slowing in the decline

in synergism, but not whin PPP was applied first. These results show pyrethroid synergism

to be a complex phenomenon, probably involving many stages of poisoning rather than

a simple inhibition of one degradation pathway. (Farnham and O'Dell)

Resistmt sphids

R€sistrnce in fietd popolatioos of Myar peru?ae. Aphids with R2 or even stronger

resistance were detectid in 32 of 108 samptes of field populations received, particularly

from those collected near glasshouses, and for the first time a number of sites in East

Anglia. This is a disturbing development, for this very resistant variant was endemic

onlv in Western Scotland.
drevious variants with 32 or 64 times more E-4 esterase than the susceptible form

readily reverted towards the s variant, but a clone of i)L persicae with 32 times more E-4

1t5
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has now remained stable for l0 months of laboratory rearing free from insecticide.
Comparable stability of this mechanism in field populations would produce levels of
resistance dimcult to overcome.

Effect of ethiofencarb on beet yellows virus (ByV) hrrcmission in sugar beet by two
resistut yrriuts 

-of Myats persicae. Although some carbamate aphicides were very
effective even against the R2 variatrt (.Ro thansted Report for l97Z,part l, l3g) any detay
in killing might allow sumcient time for ByV to be transmitted. tnis posilUitiiy was
examined in field experiments.

_P1ols 
of.sugar beet containing a few plants infected with ByV were sprayed with

ethiofencarb one day before Rr or Rz aph.ids were released. Although the number of
lphi_ds wis considerably decreased by the insecticide, which was more effective against
Rr than R2 aphids, the percentage ofBYV in all plots was approximately the samJas in
the control plots that received no spray.

. This- surprising result suggests that the proportion of plants infected may sometimes
depend less_on the number of aphids present rather than on their mobility, which may
be enhanced by insecticidal treatment.

Survey of ffeld populations of cereal ephids. Insecticides are now used extensively to
control cereal aphids, and to establish their baseline susceptibility, we surveyed field
populations with the help of G. J. W. Dean and H. Loxdale (Entomology Department)
and Mr. K. George (MAFF, Plant Pathology I-aboratory).

Dip tests (Rolrcrnsted Report for 1975, Part 1, 158) established the discriminating doses
of demeton-S-methyl and pirimicarb for Sitobion avenae, Mopalosiphum padi and.
Metopolophfum dirhodum. There was no indication of resistance to these insecticides. In
contrast to M. persicae there were considerable diferences in the electrophoretic pattern
of the carboxylesterases in many populations of thes€ three species of cereal aphids.
(Devonshire, Jhala, Moores, Rice, Sawicki and Stribley)

Compormds influencing inyertebnte behaviour

A number of fundamental studies in our wide ranging programme have now reached the
stage where progess requires field examination. Further difficulties and complications
must be overcome, but even minor successes here may be significant in developing
processes suitable for agriculture. Some of these studies continue in collaboration with
the Entomology Department, in whose report part ofthe work is therefore described.

Aphid alarm pheromones. (E)-p-farnesene, the main component of the alarm pheromone
of many aphid species, is conveniently prepared, impure but active, from commercially
available nerolidol ([ast year's Report, Part l, 136). The impurities are isomeric c-farne-
senes which have been shown to act as internal antioxidants; therefore impure (Elp-
farnesene may be more suitable than purified material in practice.

The possibility of using the pheromone to increase mobility of aphids and thereby
enhance contact with an insecticide was investigated. In preliminary work, numbers of
aphids in colonies of Myzus persicae on small Chinese cabbage plants diminished by
3816fo when sprayed with 0.05f permethrin arld by 92+31when insecticide was
immediately preceded by treatment with pheromone. This initial promise is being pursued
with work on other aphid species and by attemptiug to develop a field application. If
resistance to the present range of systemic aphicides continues to spread, application
with a pheromone could extend the range of useful pesticides. (Griffiths, pickett,
C. Smith and Woodcock)
ll6
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Diamond-back moth. (Zll l-Hexadecenal and (Z)-11-hexadecenyl acetate reported
('lmaki,Y. et al., Applied Entomology ancl Zoology(1917),12,208-210) to comprise the sex

ittractant pheromone of female diamond-back moth P/rrella xylostella were synthesised,

and also (Z)-9-tetradecenyl formate, a structural mimic of the aldehyde. Of a number of
arraDgements investigated, one using l0 pg ofthe pheromonal components ina polythene

tube was most suitable for monitoring and was successfully employed in Oecos Delta
traps, catching most moths towards the end of July at coastal sites and in early August

at iiand sitea. (Dawson and Pickett, with Macaulay, Entomology Department, and

Mr. P. F. Parmenter, Bird's Eye Foods Ltd.)

Honeybee pheromones. The enzyme system postulated to maintain appropriale relative

propo.tioni of components in the Nasonov pheromone during scenting (last year's

Report, Part l, l36j was not extracted into buffer by ultrasonic-treatment, nor with
deiergents; it remained in the solid precipitate, possibly bound to glandular membranes.

Aerial oxidation of the Nasonov pheromone components, @)-citral and geraniol was

shown to yield substantial amounts ofepoxides which were not produced during enzymic

oxidation by excised Nasonov glands. (Dawson, Pickett and H. Smith' with Williams,
Entomology Department)

Pheromones of Eplustia kuefudellz (ZeUer). Last year two novel biologically active
compounds (2-oleylcyclohexane-1,3-dione and the related 'thydroxy compound) ofa type
hitherto unknown in animals were identified in the larval mandibular gland of E. kuehni'
e//a (last yar's Report, Pafi l, 137). After examining a number of routes, the simpler of
the two compounds was eventually synthesised as a yellow oil (20f yield after HPLC
purification) by boron trifluoride catalysed C-acylation of cyclohexane-l,3dione with
oleic anhydride. The structure of the product was confirmed by lH and 13C NMR, IR,
Uv and mass sp€ctral analysis; it elicited an oviposition response from the larval parasite
yenturia cunescens(Grav.). (Mudd)

Sex attrsctsDt lures for per moth. Chemical analyses of field-weathered rubber lures
containing (E)-lGdodecenJ-yl acetate (E10) reported last year (Part l, 138) indicated
that an initial dose of 3 mg should be constantly attractive for at least the 3 months
required to span the season for monitoring. This was conflrmed in field tests.

Other field tests with compounds related to the Pea moth attractants have shown (Z)-
and (E)-8-dodecen-l-yl acetate and (E,E|8,lGdodecadien-l-ol (a[ at inhibitor: attractant
ratios of l: l0) diminished attractiveness of both ElO and (E,E)-8,lGdodecadienJ-yl
acetate (E8, Elo) whilst (z)" and (E)-9-dodecen-1-yl acetate (1:10 and l:l), (zllG
dodecenJ-yl acetate (1: l) and (E)'lGdodecen-l-ol (l: l) inhibited only El0'

Biologically active sex pheromone was obtained either by vacuum distillation of
extracts of female abdominal tips or from volatiles collected by entrainment of air over
'calling' females. Single ion monitoring of important ions by GC-MS on two capillary
columns showed that E8,El0 (c. 0'l ng per tip) was present and this was confrmed by
other chromatographic and biological evidence- Neither ElO nor (E,E)-8,10-dodecen-l-
ol, which are also pea moth attractants, could be deteqed in extracts or in condensates.
(Greenway, with Wall, Entomology Department)

Pesticiles and beneficial insects

Fietd poisoning of honeybee. Examination of poisoned honeybees submitted to the

Department continued oast year's .Report,Paft 1, 134). Evidence of insecticide poisoning

was found in 97 samples of which 36 involved triazophos residues and 46 other anti
tt7
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cholinesterase insecticides. Aerial application of triazophos on oilseed rape was pro-
hibited in 1979, but 27 samples were poisoned by ground treatment, of wLich 17 ion_
tained triazophos; further measures to protect honeybees from this insecticide are there-
fore essential. Regrettably also 19 poisonings of honeybees by aphicides applied to field
beans and fiye to cereals were recorded, despite recommended safe procedures. HCH
was found in 12 samples of bees and dietdrin in three, despite the aiminished use of
organochlorine insecticides reported. (Smart and Stevenson)

Soil-bon€ pests

Seed Eeltments rgri$t whest bulb fly larvae. Seed treatments against wheal bulb fly
were tested at two sites in 1978-79. Quinalphos (a previously untested diethyl organo-
phosphorus insecticide) was phytotoxic. Extracts of Polygonum hydropiper and Capiicum
annuurn, plar.ls with repellent properties, had only small effects on attack by tarvae.
Permethrin-+thion mixtures and all formulations of permethrin applied at O.ll a.i.
to weight of seed gave excellent protection against insect attack and permethrin was
efective at both sites at 114 or even 1/8 of this dose when applied with the synergist
piperonyl butoxide. (Gritrths, Scott, C. Smith and Woodcock)

Se€d tr€etnents ,gsiEt slugs itr cere&ls. During the last 3 years 13 'repellents' and 35
'pesticides' have been tested in the laboratory as s€ed treatments to repel or kill slugs
(Deroceras reti&lalum). The 'repellents' investigated have a bitter or burning taste to
man or repel insects or birds, but none prevented slugs feeding on treated wheat seeds.

Of the pesticides, thiocarboxime killed most slugs but is too toxic to birds and mammals
for commercial use. Methiocarb killed more than half the slugs, but other carbamates,
organophosphates, organochlorines, pyrethroids and inorganics had little or no €ffect;
the molluscicides metaldehyde and trifenmorph were also inefective.

Two groups of pesticides protected seeds but did not kill slugs. These were ioxynil
and other phenolic compounds which uncouple oxidative phosphorylation, and 'SAN
155' and 'SAN 329', related to nereistoxin. These active compounds adversely affect
germination, so related non-phytotoxic compounds are being sought. (Griffiths,
Pickett and Scott)

Behaviour of pesticides in soil

Lcaching in the fiela Results from the comprehensive experiment reported last year
(Part l, 143) in collaboration with the Weed Research Organisation and the ARC
Letcomb€ Laboratory were analysed. In Begbroke sandy loam soil about 501 of saCt
percolated below 30 cm in 3 months and 90 )( in 6 months. Leaching was slightly greater
from cultivated than from uncultivated plots. In contrast, on well structured Compton
Beauchamp clay leaching did not differ significantly on cultiyated and uncultivated plots
and more than 60% ofthe chloride remained within the top 30 cm after 6 months, nearly
all at the surface. These results are consistent with observations first made by Lawes,
Gilbert and Warrington which later found expression in tle mobile and immobile water
categories used by Addiscott (ast year's Reporr, Part l,288). In Begbroke soil the mode
of the distribution profile for the herbicide fluometuron moved 2.5 cm from the soil
surface in 6 months but very little in Compton Beauchamp clay. This may be attributed
to three effects, adsorption (Freundlich coefficients 0.77 and,2.4 for the two sites),
retention within the well developed aggregates at Compton Beauchamp and upward
movement as the soil dried during summer.

Soil particle movement, shown by raaCe (which is irreversibly bound to soil particles),
was appreciable at both sites. Cultivation produced no differences but there was more
ll8
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penetration at Compton B€auchamp than at Begbroke. At Compton Beauchamp laaCe

moved as much as fluometuron, implying that redistribution of solutes in association

with small particles though small in absolute terms, may be significant, compared with
movement of dissolved material. The immobility in the field offluometuron (which is not
strongly adsorbed) raises doubt about the value of laboratory leaching experiments

requiied ty some registration authorities. (Graham-Bryce and Nicholls *ith Dr. R.

Hance, Weed Research Organisation and Mr. D. Hitl, ARC Letcombe Laboratory)

Pesticide soil sdsorption-dcsorption hysteresis. Irreversible effects, classed as hysteresis,

may produce non-coincident adsorption and desorption isotherms in pesticide soil slurry
exp"iiments. Isotherms were measured on nine soils using taC labelled fluometuron and

fitied by linear regression to the Freundlich isotherm S: KC1/N where S: solute adsorbed
(pg/g of soil), K and .l{ are constants and C=solution conc€ntration at equilibrium

0,9 ml-l).
In all soils the desorption isotherm curve lay above the adsorption curYe. Hysteresis

may be defined quantitatively as the area between the two isotherm curves, in the interval,
C:0-10, expressed as a fraction of the area under the adsorption line on the same

interval. Thus H indicates hysteresis as a proportion of the total adsorption. The mean
value of H for the four soils with organic carbon content in the range 0'5-2'4y" was
0.26510.110 and for the five soils in the range 2'5-33%, 0'l l0 t 0'071. In the soils

with most organic matter adsorption of fluometuron is almost completely reversible but
in those with least organic matter and most leaching, hysteresis is significant and must
be considered in models simulating the behaviour of pesticides in soil. Biological avail-
abitity will depend on the size of the hysteresis effect which limits the ability of the soil
to release adsorbed pesticide when the soil solution concentration falls. (Nicholls)

Foliar sprays

Electrostaticrlty chrrged spray applicotion systems. Laboratory studies on the direct
charging of aqueous sprays formed by spinning disc atomisers showed the effect of
charge on the distribution of the spray. Charged rotary atomisers form an imer annulus
ofdrops, and the droplet density within this area is directly related to the applied voltage.
This pattern of distribution can be further modified by varying the height ofthe atomiser
above the target.

In further trials on field beans, results with a medium volume hydraulic sprayer
delivering 3,10 litres ha-r were compared with directly charged and uncharged rotary
atomisers at 15 5 litres ha-r. To determine the effect of conductivity on charge and spray
drop deposition, two formulations with a resistivity ratio of 3:l were compared. In all
cases the charged high resistivity sprays significandy increased deposits on the underside
of both upper and lower leaves. A ^tr'rona leaf-notch count 18 days after spraying con-
firmed the chemical analyses, showing leaves least affected to be those treated by the
charged sprays.

The more favourable charge to mass ratios attainable with smaller drops is limited in
aqueous formulations by volatility of the solvent, so oil-based sprays are being in-
vestigated. Preliminary results with a specially developed sprayhead and high resistivity
formulations (> 108 ohm cm-l) give much greater spray deposition than attained with
water-based preparations. (Arnold and Pye)

Controlled drop apPlicarion: placement arul thirt spraying. Controlled drop sprays at
low volume were again compared with conventional hydraulic sprays at medium volume,

using powdery mildew on barley as the test organism. However, because of the very low
119
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disease incidencr (8 %) recorded on the lower leaves of uDtreated plots, differences on
treated plots were not significant. This work, and further investigations of drift spraying
oast year's Report, Paft l, I45) continues. (Amold, Etheridge, phillips and pye)

Apparatus

EquipmcDt for mass pollinatior of cocotrrts. The fluid-bed dryer developed in the
Department for the mass pollination of coconuts programme in Jamaica is now in
commercial production. (Amold and Pye)

Bird repellents

Effect of formulation on the pelsisteme of deposits. In the continuing collaboration with
Long Ashton Research Station (last year's Report, Pzft 1, 145) to evaluate various
formulations of the experimental acaricide 'PP 199' (2rchloro-2,4dinitro-5', 6-di(tri-
fluoromethyl)diphenylamine, ICI Plant Protection Ltd.) and of fentin acetate wettable
powder as bird repellents, the Rothamsted 5l a.i. microencapsulated formulation of
'PP 199' (using acetophenone as internal phase solvent and polyurea walls) was signi-
ficantly better than all other treatments on plum trees, with I I bud damage by birds
compared with 261damage in controls after 80 days. (Etheridge and Phillips, with
Dr. D. A. Kendall and Dr. B. D. Smith, Long Ashton Research Station)

Itrsect species rerr€d:

Homoptera Aphis Iabae (*op)i
M eg o u ru y i c i ae (Bockl.) i
M e t apo I o p hi u m d i fi od u m (vllk.) i
Myzus persicae (SDlz.)

ruopalonphum Ndi (L(susceptible 
atld s€veral resistant straias):

Silobion averue (F.).
Coleopteia Phoedoncochleariae(F.)
Dictyoptera Periplanetaamericarla(L.')
Di!,tera Delia antiqaa (MeiE,);

D tosophi lo mclatogas tet (Meig.\

Laciria cuprira (L.)i 
(vestigial wing slrain);

Musca dornestica (L).
Strains: wild-type susceptible;

ac: ar: bwb: ocra---<alled 608, multimarker susceptible.
SKAdiazitron selectcd, very rEsistaritl to many orgatro-

phosphorus i.rs€cticid€s.
S€veral de.ived from SKA, rcsistant to organophosphorus

insecticides or DDT.
S€veral derived from the dimethoate Esistant 49r2b,

resistant to dimethoate aod other orsaDophosphorus
itrs€cticides.

29OBIO, a subEtrain of the dimethoare/bio.esmethdtr
resistant 29orb derived by s€l€ction with bioresmethin.

Several derived from 29OBIO each resistant to pyrethroids
and DDT.

NPR-pyrethrum enracr s€lected.

ii3'ri-,&*ffHfl:ftx',:ilJi. seve.ar dedved rrom

Hymenoprcra A*omrmex octospinosuslf;.Yijl'*ot-t 
t" plretboids'

A p hi di u s ma t i c o ia e (Haliday) :
Auo cephalotes(L.).
Ye n I ur ia can e sce ns (C ruv.')

Irpidoptera Ephesriakuehniella(Zellet);
P lu I el lo xy lost e I la (L,)

also
Mollusca Derocerusrcticulatum(Mtllcr)
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Technique for resring onion fly. A technique for rearing oniot ny (Delia anriqua) has
been established. The larvae will be used in the bioassay of soil insecticides and suitable
methods are being investigated. (Farnham and Walters)

Fmgal disease and fungicides

The host-parasite relationship of clubroot dise{se. The overgrowth symptoms of club-
root disease (P/asnrodiophora brassicae Woron) are associated with production of excess
of the growth hormone 3-indolylacetonitrile (IAN) (Butcher et al. Physiological Plant
Pathology (1974) 4, 127). This could be produced by degradation of 3-indolylmethyl-
glucosinolate (IMG) by myrosinase or directly from 3-indolylacetaldoxime, an inter-
mediate on the pattrway to IMG. To evaluate these alternatives 1ac-tryptophan, a
precursor of IMG, was applied to infected tissue. Both IMG and IAN then incorporated
r4C after 5 min, but whether IMG is labelled before IAN and is therefore its precursor
has not yet been established.

Electronmicrographs of cells containing fungal plasmodia show varying degrees of
cytoplasmic disorganisation, consistent with an earlier suggestion that the pathogen
interferes with the indole metabolism of the host by disrupting cellular organisation.
(Bailey, Butcher, Chamberlain and Searle)

Conhol of soil-borne disess€s by folisr sprays. Previous work showed that foliar sprays
of some groMh regulators (GA3, daminozide and flurecols) decreased the incidence of
potato common scab or clubroot of cabbage.

Many other regulators were ineffective; these included the translocated herbicide,
2,4-D. However, more recent experiments showed that its 3,5-isomer (3,5-D), a weak
growth retardant, had an outstanding effect against scab. In the glasshouse, single foliar
sprays of 0.2 g litre-l decreased scab incidence by about 90%; yields were slightly de-
creased and the number of tubers per plant slightly increased. Related acids weri less
effective, in the sequence 3,5-dichloro- > 2,3,4,s-tetrachloro- > 2,3,5,6tetrachloro- > 2,3,5-
trichloro- > 3,4,5-trichlorophenoxyacetic acid. All the other chloro- and all the mono-
methyl- and dimethylphenoxyacetic acids were ineffective. Thus the 3,5-dichlorophenoxy
structure seemed to be necessary, but need not be attached to an acetic acid residue;
comparable effects on scab were found in the series 3,5-dichlorophenoxyacetamide > 3,
5dichlorophenoxydiethylacetamide > 3,5-dichlorophenoxyethylamine. In field trjals,
single sprays of 3,5-D at 0.1-O.2 g litre-r decreased scab by 45-50)(; yields and tubei
numbers were not affected by the lower concentration.

Il in ritro tests against Streptomlces scabies (the organism causing scab) the ED50s
of a]l the dichloro- and dimethylphenoxyacetic acids lay in the rangi 50-100 pg ml-r;
3,5-D was thus no more fungitoxic than close analogues which did not affect the disease
rn yilo. After application to potato foliage, 3,5-D moved rapidly to other parts of the
plants. Its concentration in tubers remained unchanged for at least a week aiter applica-
tion, despite tuber growth, but was only one-twentieth ofthe EC50 to 

^S. 
Jcdrr'es in cuiture.

The evidence suggests that 3,5-D did not afect scab by systemic action against S. sca6res,
but by altering the host response to infection.

In glasshouse tests against clubroot of cabbage, the effects of 3,5-D and its analogues
were smaller than on scab, but the same structural need was evident, 3,5-D being the
most effective analogue tested. (Bateman, Burrell, Chamberlain, Dawson, Mclntosh,
with Macfarlane, Plant Pathology Department)

Fungicides for soil-borne diserses of wheet The systematic search for etrective fungicides
for the take-all pathogen continued 0ast year's Repo , Pajt l, lrlo). In pot tests drench

rzt
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treatments with the compounds examined previously were effective against inoculum
placed near the seed when sown l'5 on deep, but failed when sown 5 cm deep. Outdoors,
soil drenching in November diminished the severity of take-all in April but not in June.
Although other pathogens (eyespot and brown footrot (Fusaium culmorum)) wete
comparably susceptible to fungicides in itro, they were less well controlled in soil-mix
pot tests.

Persistence ofthe fungicide, important for the control of diseases such as take-all which
can infect throughout the growing season, was investigated by bioassay against F.
culmorum (Rothamsted Report lor 1977, Part l, 152). Benomyl persisted for up to 8

weeks in sand or sand-loam, but for a shorter time in soils with more organic matter. Of
the possible slow release formulations examined, gelatin pieces and pollurea-coated
microcapsules, respectively, prolonged the availability of thiabendazole and benomyl.

In field plots treated with benomyl at 35 kg ha-1 as previously, bioassay showed gelatin
formulations to persist until July, but powder treatment was not detected by May.
Treatments lessened attack by brown footrot (mainly Fatarir.n ,rl'vale) (take-all attack was

sligtrt this season), gelatin having little advantage over benomyl powder. (Bateman)

Mode of action of hydmxypyrimidine fimgicides. In last year's RePort (Pan l, 141')

ethirimol (2-ethylamino4-hydroxy-5-z-butyl-Gmethylpyrimidine; 'Milstem') was shown

to non-competitively inhibit adenosine deaminase (ADA-ase, E.C. 3.5.4.4.) from barley
powdery mildew (Erysiphe graminis) conidia' In further studies ethirimol was found to
inhibit most strongly at pH 7'8 (Kr 9'0x 10{M). ADA-ase from four other mildews

was also inhibited 6ut not the corresponding enzyme from I I unrelated organisms

including fungi, insects and mammals. These results are consistent with the rn viro
specificifu of the fungicide which controls only powdery mildews, is not phytotoxic and

has low mammalian toxicity.
By monitoring the deamination of 3H-adenosine to 3H-inosine little ADA-ase activity

was detected in extracts of healthy lGday-old barley leaves (cv. Proctor), but activity
had increased three- to four-fold 2,f-30 hours after these leaves were inoculated with
mildew conidia. Kinetic experiments suggested that this enzyme differed from that in
conidia, for it was less sensitive to ethirimol (Kr 3'6 x lO-au). ADA-ase did not increase

when leaves grown from ethirimol treated seed were inoculated with a mildew strain

unable to grow in these plants. The increase in ADA-ase activity on infection ofbarley by

mildew wis confirmed by experiments with whole plants where conversion of both
3H-adenine and 3H-adenosine io 3H-inosine increased rapidly as infection progressed'

R
&...r\-R,

ltl
N\-,,N

I

R.

Formula III

The influencc of structural variation in this series of hydroxypyrimidines (Formula
IID was examined in three bioassays; two measured effects on different stages of mildew
development, but included possibly unconnected effects on uptake and movement within
the host plant, and the third measured effects on the pathogen alone. Tables I and 2
show results relative to those obtained with dimethirimol. In general, analogues less

effective than dimethirimol as ADA-ase inhibitors were also poorer fungicides. Yariations
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TABLE I
Efect of 2-dimethylaminopyrimidines on ADA-ase and mildew growth

Rr
OH
OH
OH
OH
OH
OH
OH
CI
OCHg

Rz
CrHc
H
CHs
CH(CHs):
CeHrg
CrHc
H
ClHg
CrHr

Ra
CHa
CHa
CHa
CHs
CHs

H
H

CHs
cH3

Partition ADA-ase
coefficientt inhibitioo

ADA-ase ApDressorial
idhibitioo formation

ll

Colony
length In vitro

:i

Bioassay

6sm
EOO

0.t 9.5
0.6 153

18.5 2t
15.5 49

lo
753

6.5
0.06
1.0

Activiti€s are express€d relative to dirnethirimol. Kr for ADA-ase= 5.4 x l0-4M;
ED5O appressorial formation= 1.2 x 10-6M; colony length=5 4 xl0-aLti il titro
= I .5 x lo-?M. - = no efelt, R-{ = NMes (io forEula III) in all compounds
examioed.

TABI,E 2

Efect of *hydroxy-5-n-butyl4-methylpyrimidines on ADA-ase and mildew growth

Rr
H
NHz
OH
SH
NHCHT
NHCzHs (Ethirimol)
N(CHg)s @imethiriool)

Apprcssorial
formatiotr

172
3m
,lo8

4.5
1.0
1.0

Colony Ii litro
IeDSth

0.3 1187

!: t67
1.38
1.50
1.26
l.8l
t.@
2.21
1.93

0.02
0.5
5.t

18.5
0.6
0.02
t.0

6
o.7
I

*(octanol: water log 10)

- = Do efect. Activities are express€d relative to dimethirimol.

of groups Rr, Rz and R3 all affected inhibition of both ADA-ase and mildew, usually
detrimentally. By contrast, variations at R4 often increased their eflectiveness towardi
ADA-ase, yet some analogues were largely inactive when assayed iz yirro or against
appressorial formation. This poor performance against mildew of good ADA-ase
inllbitors cannot be explained by variations in mobilities through membranes, because
differences in partition coemcients were small.

Several adenine analogues (but not the corresponding nucteosides) inhibited both
appressorial formation and ADA-ase. However, unlike hydroxypyrimidines, inhibition
was competitive, and less specific. Some analogues also inhibited ADA-ase from pertuy'-
/rnrz sp. and the growth of this organism.

The correlations established between susceptibility of ADA-ase to inhibition by
hydroxypyrimidines and susc€ptibility ofthe whole organism suggest that these fungicides
interfere with the vital function of ADA-ase in salvaging purines during primary infection
of barley. However, inhibition of ADA-ase seems unlikely to b€ their sole site of action,
and additional effects may be more important later in development. Adedoe analogues
produce a different range of effects and may influenc€ mildew development by inter-
fering at the active centre of ADA-ase. (Chamberlain and Hollomon)
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Other projects

In addition to work already noted. collaboration as follows is recorded in other sections

of the Rothamsted Report.

E omology D€partmctrt:

Etheridge and Goodchild with E. D. M. Macaulay: Monitoring for Pea moth.
Grifrths with R. Bardner and K. E. Fletcher: Control of Sr'lona on beans.
Pickett with J. B. Free: Honeybee pheromones.
Pickett with I. H. Williams: Honeybee Nasonov pheromone.

Strtistics Deportm€[t :

Greenway with J. N. Perry and C. Wall (Entomology): Design of field experiments witb
insect sex attractants.

THE CIIEMICAL LIAISON UNIT

An increasing number of requests to help select the most appropriate pesticide for a
particular application is being received. This often involves knowing, or predicting,.the
iate and behiviour of compounds after application. The principles determining availability
in various environments are progressively well established, so more attention is now
being directed to studying their degadation'

Routine assessmenti of pesticides and their residues and development of appropriate
analytical methods to support research projects thoughout the Station continued-

Fate of Pesticides in soil

Leacbing and degrartation of aklicrrb sutphone in soil. In association with work described

earlier (Graham-Bryce and Nicholls) leaching of the toxic metabolite of aldicarb' a

polar sulphone, waa investigated,n the well-structured clay at Compton Beauchamp.

The sulphone (N raCH3) incorporated in the top 5 cm ofsoil was leached in the first weeks,

and latir moved towards the surface when water lost by evaporation exceeded rainfall.
After 3 months orJ,y l3l of the sulPhone remained unchanged; no metabolites were

detected. The compound moved more in Woburn sandy loam, which, with less organic
mzttet (Rothamsted Report for 1977, P$t I, 155) sorbed the compound only weakly.

(Bromilow and Freeman)

Uptake ofpesticides into earthworms Further results supported the concept (Rothamsted

Riport for 1974, Part l, 158) that the distribution at equilibrium of a compound between

ea.thworm solids and water is related to the octanol-water distribution by a log-log
relationship similar to that between soil organic matter and water, and other bio-accumu-

lations- Thence it may be prediaed that all lipophilic compounds will be similarly
distributed between soil and worms. However, in soil, equilibrium is approached only
after several weeks and metabolism may restrict accumulation.

Greater proportions of less strongly sorbed, more hydrophilic compounds remain in
solution in soil water, so that equilibrium may more generally be approached' especially
in waterlogged soils. However, worm cuticles are not equally permeable to all compounds;
aldicarb sulphoxide is neither absorbed nor readily excreted, so that it may accumulate in
worms which absorb aldicarb and rapidly metabolise it to the toxic sulphoxide or to non-
toxic hydrolysis products. This explains the deaths of eaihworms and their bird predators
in waterlogged areas treated with aldicarb. (Briggs, Fitchett and Lord)
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Microbhl sdi€s
NiEiffcrtion Nitrosomonas and Nitosolubus spp., autotrophjc nitrifying bacteria, and
nitrite oxidising autotrophs were detected in fivi of six canadian soiliwhich remaio
frozen for several months. Of three ammonia-oxidising isolates, two grew 

^t 
2_3"C.

Ntrification is therefore possible at near zero temperatures. (Walker, with J. Ashworth
(Soils and Plant Nutrition Department) and Dr. M. Nyborg, plant Industry Division of
Alberta Aericulture)

Microbial dcgnrhtion of pesticides. The enhanced degradation of diazinon in soil
induced by repeated applications (last year's Report, part l, 149) was gradually dimi_
nished by repeated wetting and drying, but the activity was restored in ihe presence of
diazinor. Frequent freezing and thawing of soil had little efect. A Flavobicterium sp.
isolated from the soil also resisted drying, chloroform and pasteurisation and degaded
diazinon_ stoicheiometrically. The cultured organism in neutral phosphate buffe'r also
dgeraded parathion, but none of a range oi organophosphorui insecticides in soil.
(Forrest, Lord and Walker)

Moolding of hty. Treatment of damp hay with propionic acid or ammonium bis_
propionate may not prevent moulding of untreated p-lugi of hay inserted in the bulk (last
y-eat's Report, Part, I, 208), from which, in laboratory investigations infection spreiJs.
Several members of the Aspergillus ghacas group were isolated;hich, in culture, tolerate
and metabolise concentrations of propionate up to l%, atthougtL 0.2% inhibits the
gr-or"lh- of most hay fungi. Therc isolates, like tho-se ofpaecilo myci varioii-, also degrade
other fatty acids, shorter or branched compounds faster than those with longir or
unbranched chains. Several fungicides including g-hydroxyquinoline, .Sisthanj aJ
imazalil prevert the degradation of propionate in c-ulture 1t pg mt-ry uut-aasorption onto
hay renders the dose for controlling moulding impracticaliy-great. iC"yt"y'"rj f.iO,
with Lacey, Plant Pathology)

Analysis. Procedures for two imidazore fungicides, imazalil and prochroraz, promising
for controlling potato storage fungi, were developed. Imazalil is extiacted from maceratei
potato€s with alkaline methanol, partitioned between hexane and acid, extracted from
the neutralised aqueous layer and analysed by GLC (erectron capture). prochroraz is
ertracted with acetolg qd partitioned between hexane aDd acid; theicid iayer is analyseJ
directly-by HPLC (uv detector) on a reverse phase oDS corumn. Even aiter 6 months,
neither fungicide penetrated appreciably beyond the tuber skin. (Cayley ana filtotsonj

Other projects

Cayley investigated fungicides for potato_tuber pathogens with Hide (plant pathology)
and Bromilow, incorporation of nematicides into soil ;ith Whitehead 1'lt".utology; 

-"

Staff of the Deprrtuetrt and the Chemicol Liaison Unit
In August 1979,I. J. Graham-Bryce, Head of the Department since 1972,left to become
Director ofthe East Malling Research Station and M. Eliott was appointed to succeed
him.

M. Elliott was elected a Fellow ofthe Royal Society of London and Lesley E. Smart
was awarded a first class honours degree in the University of London. M. E[ioa and
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N. F- Janes received Individual Merit Promotions to, resPectively, Deputy chiefscientific

Omcei anO Se"ior principal Scientific Ofrcer for their work on synthetic pyrethroids.
- M;;. i. J. Covell, Irari. c. ru. Porter and I' Glenister l€ft the Departme"!'lu9ry
frait.- 

-C.".U 
aiJ in December after only a few months of retirement' K' A' Jeffs left

itre ie-partment in October to become Station Safety Officer' Chiang Chia-liang of the

Si"rgiia frttltrt" of Entomology, Academic Sinica,.came to sp€nd 2 years in the

ir"p"?ir*"i *-flng on the biichemistry of insecticid-e .resistance' 
Thomas Rausch

oiitre Set.ieUteinhei"t notanik, Fachbereiih Biologie de Johann Wolfgang Goethe Uni-
virsitat, Frantfurt, west Germany worked for 3 months on-clubroot disease' Paul B'

Hushes of the Biological and Chemical Research Institute' Rydalmere, N.S'w., Australia

.L-i.J L v*ii stuiy leare on the biochemistry of organophosphate resistance in the

sheep blo*dy.
Ul iiiiott'"ort.ibuted to a Gordon Research Conference on Agricultural Science in

CAifornia in January, to an American Chemical Society symposium in Washington in

e"g"rir"o i" tfr" Nlional Parasitology conference in Mexico in November' with I' J'
-Ciinu.-S.y.", 

lr" helped to orgaoise i symposium on the Chem-istry of the Py-rethoids

"t'o^r"iJii 
l irv ,iwiicn ne aia N. F. ianls delivered papers' I' J' Graham-Bryce and

p. i. n"Jfr"fpJtd,o organise the Neurotox'79 conference at York in September and

i. E. srJ 
".d^ 

a. L. De-vonshire lectured there. I. J. Graham-Bryce was a Chairman at

L;th ;i;"";; and with P. H. Nicholls gave a paper at the British Society of Soil

Science Autumn Meeting.*i.-i,l;fhA, 
in" piurt Protection Institute, Posnan, P9]and-' A' Yentosa of the

D;;.;;;; Miciouiologv, Granada, spain and M-' S' chanda of the Bio-organic

piili..,-n'rr"ur," Atomic fleiearch Centre, nomuay, India" spent shon Periods in the

Ch.;A Liaison Unit in January' June and Octob€r, res-p€ctively'
-'i.,-4. pi"t"ii tp.t" at a conferince on the Chemistry of Insecs in Sweden and with

A. i.'b-r;;;;.y';J e. tttuaa took part in the oILi G-rolp 
^Meeting 

on Intesrated
'Cont.oiin 

Switierfand. A. L. Devonshire, D' C' Griffiths, J' H' Stevenson' L' E' Smart

"nJn. 
f. e-ofO were authors of papers presented at the 1979-British Crop Protection

i'"rr"r"*" r, stigh,on. e. J. ernoid iave a paper at a meeting ofthe Society ot cn91t9a]

Industrv and J. H. Stevenson visit; Vie;; in October to att€nd an IOBC/W?RS

worling Grouo and a related symposium'" i.1l?n]rjip-r'""0i Et-heridgi visited cuyana on behalf of FAO to advise on the leaf-

;i"g ilffi;; *,npuign 
"ia 

th", Barbidos to advise the west Indies central sugar

Cane 
-ereeairg 

Stition bn ipray application and insecticides' 
^- 

fi. ff . il;lf"* r.torneO from a 
"irit 

to the Radioisotopes Centre, Biological Institute,

sa" p"rl", iiiazii, *licn r. A. Lord visited briefly to continue collaboration. G. R.

L"rf." 
"i"rO"a,f," 

4th IUPAC Symposium on Mycotoxins and Phytotoxins in Lausanne

;i fi. ilk";i*iu..Jto tt" O"*nography Institute of the University of Kiel' cermany

P$Iicttions
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