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Inhodrction
This year was mfikd by the detection of resistanc€ to systemic insecticides in field
populations- of aphids (Mrzus persicae) on sugar beet, providing a further urgent
reminder of the resilience of insect pests and the continuing need for major efforts to
improve methods of pest control. A previous survey of field populations undertaken by
the department in 1964 gave no evidence of resistance. A significant proportion of thi
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samples collected this year by fieldmen of the British Sugar Corporation in collaboration

Glth'Sioo.;t Barn Eiperimental Station were found it Rothamstcd to be at least l0
times as resistant to systemic insecticides as standard susceptible strains. The exact

r"f"ii.*nip Gtt 
"eo 

toi.tanc" factors measured by such -laboratory tests and .the
p"rf"rr""t .i i.iecticides in practice is not fully understood, so that it is not possible

io assess how far resistance co;tributed to the severe outbreak of virus yellows on sugar

Lii; i%. Other factors such as the very heavy infestations of aphids last season and

in" poor 
"..fyg.owth 

of the sugar-beet sidlingi together with unfavourable conditions

;; tf,; til o'f ipoyog, which 
-would 

have diminished the effective dose of insecticide

i, tn" pf"rt, weie ind"oubtedly of major importance- Nevertheless the developmeat of
;;.Gfu; outdoor populations of 

-an 
insect previously found resistant only in the

giasshouse in ndtain, ii disturbing. We are therefore expanding our studies on resistanc€

to aphids to meet this new situation.
ilri.t o"" to insecticides is, of course, a long established problem tbroughout the

t o.-fO-. 
-i" 

tn" p*t, toi".uno in fungi has been much less- serious, but has developed

rapidly to the newer systemic fungicides in some situations. studies on toleranc€ to syste-

-l'" fr"gi"ia"s, like ihose on syitemic insecticides, are hampered by the dificulties of
[ri.irg-tfra qr"rtitative bioassays needed to obtain unequivocal results' These problems

.r" o.ftc,rlailv acute for obligate parasites which cannot be cultured or treated arvay

i;;JG;i. h;tL. Recent work i-n thi department on tbe mode of action of the svslemic

ir"d;id;, ;tbiti-"I, against powdery mildew on barley and-on-possible mechanisms of
toliance'has thereiori concentrated' on the development of reliable bioassay method.s.

ifii- "i"."*fi .taoa*Air"a procedures now devlloped show.that even genetically

t o-og!o*u. it.uins of mildew can vary widely in their susceptibility, making it very

diincdt to interprct behaviour in the field.- fn"-*"ti"oiig rp.""a of resistance underlines the need for new and better pesticides

aod emptrasises 
-thi 

importance of the further major advances in the development of
syotn"tii py."tltoid insecticides reported tiis year. 'NRDC 143' (permethrin) has

;il; i""i.;"iog promise as a poldtial practical imecticide against agricultural pests.

A more recent inethroirl, 
.NI{DC 161',-has insecticidal activity substantially greatgr

ih; ;y pr""lo'*ty ."po.i"d co.poord of whatever chemical class' This discovery is

oiin" #t".t r*damintal siedfi&nce;.NRDC 161'sets a new standard in the search

i;. ;"f,; compounds and piovides valuable information about the mechanisms of
insecticitlal actiin. Such predously unforeseen potency opens up the prosp€ct- of finding

chemicals to control insects at much smaller rates than itr the past. As well as giving

oUvious tenents for pest control, this could greatly lessen the risks of harming the environ-

ment. The recent diicoveries at Rothamsted, based on a sustained and systematic pro'
gramme of fundamental work on structue-activity relationships over many years, have

ihus done much to establish the pyrethoids as a major class of insecticides at a time when

new compounds are urgendy n&ded to replace existing insecticides which are no longer

acceptabie on grounds 
-of 

safety, unfavourable properties in the environment or because

insits have biome rcsistant 6 them. This wai reflected at the 3rd International Union
of Pure and Applietl Chemistry (IUPAC) Congress of Pesticide Chemistry in Helsinki

where a major s5,mposium, organised by Elliott, was devoted to pyrethroids'
In addition tothi need for more active and safer toxicants, better methods of applica-

tion and more eflective exploitation of the mechanisms for transferring the toxijant to
the targ€t organism are required. For many years a major goal of research in this field
has been the discovery of insecticides and fungicides which arc translocated downwards
in plants following application to the foliage, as this would provide a very convenient

way of protecting both the aerial and undergound pads of established plants. Recent

work in the departrnent has shown that one soil-borne disease, comnon scab of Potatoes
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(caused by Streptomyces scabics which attacks the developing tubers) can be controlled
by treating the foliage with crrtain amino acids and growth regulators. The mode of
action of these chemicals is not yet knovm; the effects could well be indirect rather than
due to translocation of the applied comlnund and direct toxic action against the pathogen.
The observations may provide an important lead, however, and will be followed up
acdvely.

During the year there has been aD increased demand for the services of the Chemical
Liaison Unit, which has been reflected by the grcater range of problems investigated
as a service to other departments at Rothamsted or outside bodies. Some of this work is
described in the reports of the appropriate departments, but for the first time other
studies are reported together in a section in this report.

Imecticftles

Relrtionships betw€en molccdrt stulctue rnal hsecticftIat rctiyity of pyrethroils. Since
last year (Rothansted Report lor 1973, Part l, 168) the stability of the synthetic ester
3-phenoxybenzyl (!)-cis,tror*2)-dimethyl-3(2,2-dichlorovinyl)cyclopropane carbory-
late CNRDC 143' or permethrin) has b€en further confirmed under practical conditions.
Permetbrin is therefore the fust pyrethroid insecticide reported which retains the favour-
able properties traditionally associated with the group (great potency against insects and
low toxicity to mammals) yet is sufrciently stable to be considered for agricultural and
horticultural applications. These properties, in a structure simple enough for potential
large scale manufacture, have stimulated considerable commercial interest.

Other esters of dihalovinylcyclopropane carboxylic acids have now been investigated.
Several proved very potent, the outstanding example being 'NRDC 16l' (described
below) which has insecticidal activity appreciably greater than any previously descriM
compound.

Spthetit and inseaicidal acbily of tfrlolothtyl utologaes of clrfsot hernares. The
acid component for the larger quantities of permethrin (batches >l kg) necessary for
field evaluation and other applications was made by adding ethyl diazoacetate to
dichlorodimethylbutadiene@. To provide samples ofthe optical and geometrical isomers
of the acid, the mixture of ethyl esters (II) was first separated into (:E)-crs and (t)-tas
fractions by distillation tlrough a spinning band column. The ethyl esters were hydrolysed
and the acids resolved into their (*) and (-) forms with a-methylbenzylamine (cir
acids) or threo-l-p-titophenyl-2-(ff iY-dimethylamino)propane-1,3{iol (razs acids).
Each of these four acids was esterified with 3-phenoxybenzyl alcohol (R': A) or
5-benzyl-3-furyLnethyl alcohol (R, : B). Bioassays established that only the (tR,crr)
and (l R,rrans) forms of the acids gave highly potent esters, as with the chrysanthemates
(see page 139).

The coresponding (lR,cis! and (lR,rrars)-difluoro and -dibromo acids were made
by Wittig syntheses from cri or ,r@rr caronaldehydes (9 and phosphoranes generated
i,r srTr from CCIFzCOzNa or CBq and triphenyl phosphine, respoctively. Fach (lR,crs)
and (lR,rrrrrr) form of the three dihalovinyl acids was esterified with the three alcohols
to give l8 esters (III or IV; Rl: A, B or C; X: F, Cl or Br), whose relative molar
activities against houseflies and mustard beetles are shown in Table l.

With e-cyano3-phenoxybenzyl alcohol, the dichloro and dibromo esters Ooth
cis- and lrans-) have similar activities, four to five times greater than those of the difluoro-
compounds, while with all three dihalo side chains, the civ-isomers are generally about
twice as active as lrors compounds. With the abeozyl-3-furylnethyl and &phenory-
benzyl alcohols, differences in the activity of esters with the different dihalo acids were
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geaerally less, the difluoro- compounds having slightly lower activity than the dichloro-
or dibromo- esters. When accessibility, ease of synthesis and activity per unit weight are
considered, these r€sults therefore suggest that the dichlorovinyl compounds are most
appropriate for practical development.

Exceptionally potent estet of dibromoeinyl acills. The results in Table I show that
a-g/ano-Iphenoxybenzyl alcohol, first iotroduced by Japanese workers (Ger. Offen.
2231312 to Sumitomo Chemical Co.) is an exceptionally effective alcoholic com-
ponent of these insecticidal esters. The ester (ryC; X: Br) was examined further
138
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TABLE I
Relattue toxiclties of 18 sythetic pyretfuoids (molu basb) ,o Musca domestica Z. (IIf')

and Phaedon cochleariao fab. (MB)
X:F

Est€.
structue HF MB

90
270
410
2fi
250

l3m

' A.[ r.lative toricitirr basad oE bior€sDethriD : 100
LD50 of bior€smethda to IIF - O0O5 peliruect; to MB : O0O7 r8/iDlect
Results arc Ecatrs of at le{st two tcsts

because, like the stereochemically daGd UR,cr.tl-chrysatrtlemic acid, the acid (IV;
R1 : H, X : Br) gives crystalline esters which might be used to resolve racemic alcohols.
One component (coded 'NRDC 16l', VI) was obtained crystalline; this was about l0
times more active than the non-crystalline residue as shown in Table 2, which also gives

TABLE 2

Relalive toxicilies of :I/arious insectictdes (molo basis) ,o Musca domestica tr. @n @d
Phaedon cochleariae Fab. (MB)

X:Cl
HF MB

CoEpould
biorcsmethriD (cster IIIB; X : Me)
'NRDC 16l' (crystdlirc isomer itr ester (M; X - Br))
Isomer in este,r (Ivc; X : Br) oadc by eozymic syDthesis
DDT
dieldrin
parathion

ll0
2to
550
2fi
360
2U

60' 50' 90 2@
390 r80 350 3T
94 84 570 324
170 tm 2@ t60
2@ N 280 DO
l$ 210 l3m l0q) I

IIlA
Itr3
mc
IVA
IVB
ryc

X:Br
If MB

HF MB
t00. lm.

3,lOO 2m
410 530
4-16 l.l

39 i+-11
326

. See footnote to Table I

activities of some standard insecticides from other classes. Comparison of the relative
values emphasises the erceptional potency of 'NRDC 161'. The activity to houseflies is

increased by a further 15 times by pretreatment with tle synergist sesamex, giving a

>rr:*xp-",o
{vl} 

NRD. 151'

median lethal dose of 0 002 mg kg-r. This makes 'NRDC 161' an extremely potent
poison by any standards (curare, for comparisoo, is active.in mice at 0'f mg kg:l).
Various lines'of work are now in progress to interPret the insecticidal action of this
exceptionally potent compound in molecular terms. In this connection knowledge of the
absolute confguration of the active isomer is of great importance. Information about the
configuration was first obtained by means of stereosp€cifiJ enzymes. One optical form
of thi cyanohydrin from which the ester (fVC; X : Br) is derived was obtained by the
action of the enzyme Doxynitrilase on 3-phenorybenzaldehyde and hy&ogen cyanide;
this 662y6q sel€ctively and stereospocifically cleaved one cyanohydrin in the equilibrium
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mixture, leaving the other optical isomer 951pure. This was esterifled with the lR,cis-
dibromovinyl acid. The cyanohydrin ester thus obtained was a liquid, less active bio-
logically than'NRDC 161'(Table 2), and the proton on the carbon atom bearing the
nitrile group resonated at 3.72", itr contrast to that in'NRDC16l', at 3.64 r. This
enzymically derived cyanohydrin was thercfore not of the same optical series as that in
the crystalline 'NRDC 16I', whose absolute configuration was thus deduced to be (S)
because other products from D-oxynitrilase (e.g. benzaldehyde cyanohydrin) can be
related to acids of known (R) absolute configuration.

Because it is crystalline, atrd one of the few compounds with extreme biological
potency which contain bromine, 'NRDC l6f is especially suitable for X-ray examination.
With such molecules the conformation representing the true state of the parent molecule
can be deduced without the possibility of distortion by substituents introduced only to
facilitate X-ray analysis. X-ray examination of 'NRDC 161' by the Molecular Structures
DepartmeDt (Owen, J. D., p. 169) has confirmed the absolute configuration deduced
above.

RadiolaMled pernetlnh iranrerr. Routes to laC labelled isomers of permetbrin for
metabolic studies in insects and mamnals and for determidng residues and photo-
decomposition products were examined. Previous experience with pyrettrroids suggested
that metabolites would be derived from the intact ester and from the products of ester
cleavagg so esGrs labelled in both the acid and alcoholic components were required.

The conditions used for reaction of the triphenyl phosphorane from carbon tetra-
chloide (Rothanuted Report for l973,Part 1, 168) with methyl [R,rzrrs]-caronaldehyde
were adoptcd. Starting with raCCl.r this gave, after processing and esterifcation,
I R,trau[permethrin labelled at C-2 of the dichlorovinyl side chain. Satisfactory reaction

8r0co.M. ri.,r..c> A"rA"**

a"Orr rn,c,q>

conditions for the UR,cirl ester could not b€ established on a small scale so the chloride
ofthe I S,rrazs] acid, synthesised similarly from taCCla, u,as epimerised at C-l by heating
to an equilibrium mixture containing 20 f [lR,cu] and 80 f [lS,rraru] components. Aftei
esterification with 3-phenoxybenzyl alcohol, the required [l R,cris]-permethrin was
separated and purified by thin layer ckomatogaphy. In a separate experiment, nmr
examination of the olefinic doublets in the (-)-menthyl esters prepared from the acid
chloride mixture established that the thermal inversion [l S,rrans] + [lR,crs] involved
only the C-l centre and not C-3, of ttre cyclopropane ring.

Samples of [3-1aC[phenoxybenzyl alcohol labelled in the phenoxy ring or at the
methylene group werc synthesised as shown. [U-l4cfPhenol wasconverted to the sodium
salt with sodium hydride dispersion in the presence of methyl ,z-bromobenzoate. After
adding copper powder the Ullmann reaction was completed by heating, the ester was
separated by thin-layer chromatography, reduced and esterified.

[c-1aC[]Phenoxybenzyl alcohol was synthesised by a routc developed from ioforma-
tion kindly supplied by Dr. J. Myamoto of the Sumitomo Chemical Co. The Grignard
t0

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-1-131 pp 8

INSECTICIDES AND FUNGICIDES DEPARTMENT

r€asent from 3-bromodiphenyl ether was heated with
berioic acid, wbich after reduction, was esterified with

The following permethrin esters were prepared:

U R,rrdrs] ; [-CH:14CC12,
I R,crs]; [-{H:laCCl2]
ll R,rrazsl ; [PhO(Uts4C]
I R,crbl; [PhO(UFtaC]
I R,rraru]; [a-raCHz]
[R,crs]; [craCHa]

uCOs to give lac.lphenory-

flR,rrans] and [R crs] acids.

mCiimnol
5.9
l'7
4'6
4.6

56
56

These esters are being used in an examination of the photodecomposition and mam-

mAi* metatotis. of frmethrin in the laboratory of Professor J. E. Casida, Division of
into.otory, University of California, Berkeley, U.S.A. . 

(Chemical work, Elliott,
Janes and-frrlman: Biological work, Farnham and Needh^')

Sobbitity of sythaic pytethruids. The solubility of several syDthetic pfrethoids io
orut". o,". a"i".-ined turbidimetricaly by a modification ofthe method of Brooker and

Ellison (Cienlsrry and Industly 1974,785). A .Technicon AutoAnalyzer', with the plasric

tuUing ;,rplaced 
'by 

glass whirever Possible, was used to give- a constant progressive

aif"tii" df methano[c solutions of 
-the 

insecticides. Table 3 gives preliminary results.

The value for permethrin agre€s closely with results obtained by shaking the compound

with water, fiItration and analysis by gas-liquid chromatography. (BriSes)

Solubility
0elrDl)

4.7
3.2
1.9
3'4
3'O
1.7
2.6
t.8

>10

. Z4,GtrirnethylbeDzyl (+>.ij,rr@Fchrysanlbcmate-
b 2.3.4.5.6DentaoethylbeDzyl (+ >cit,rrarrj-chrvsantbemate
" i6tiiiii-i'r,iii-t iaiii--'il.-f,-i'irrjljit*ttivl'l{2-oxo'3'thiacvclopcDtvlidcncoctbvl)cvcloFopa'o€

carborvlate*03-E[il-l-rrryl-.thyl 
ll&-rraarB2diEethvl-3{cvclopeDtvlid.ucoctbvl)c}'Ptopropane carborylatc

Mode of action of insec{icirtes, During 1974, electrophysiological studies were mostly

conoemed with recently-discovered synthetic pyretfuoids. Particulaf atteotion was given

io iNnpc tot' because investipti6n of its outstatrding insecticidd activity should

contribute grcatly to unilerstanding of the fundamental poisoning process and to the

rational development of further active compounds.

Tlv ac'tion of pyralroidt on tle periphcrul runoas slslem of iiscds. It has frequendy

been suggestei ihat pyrethroids may ict primarily on the.peripheral nervous system of
insects ;d that theii rapid knockdown action is associated with effects on sensory

nerves. Previous studies at Rothamsted (Rothensleil Report for 1971, Pafi l, 185)

however, have pointcd to primary sites of action within the central tref,vous system" To
141

TAEI,E 3

Aqueous sohbilities of synthetic pyrethoid.s

bior6methriD
cismcthdo
permerbdtr
'NRDC 16l'.NRDC IO2".NRDC 103'D
'RU t5 525'c
'RU ll 679'd
bioallethrin
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discriminate between these hypotheses, suitable methods for testing the action of pyre-
t"orords on lnsect s€nsory Derves are being sought.

- One preparation, chosen be<ause of the abundance of sensory nerves, is the cercus of
lhe cwkroacb Periplateta anericatta (L-). To eriminate nerve imputses originating in the
last abdominal ganglion, one of the median (arger) cercal nerves was crushed Jlose to
the ganglion and the spontaneous output arisin! fiom the cercus was moru.tored with
silver.^wire electrodes applied to the nerve within the haemocoel. The signars were
ampliEed and integrated by a rate-meter with a time constant of l0 secon'ds, whose
gllprt -yT^ 

recorded.with a pen-recorder. Output from uDtreated cerci ranged from
480 to 1230 nerve action potentials per second ("/, *itn a mean output of 9I0 c/s for
eight experiments (S.E. +2m).

The efects of insecticides on activity were investigated by applying 0.5 pg pyrethrin I
(a natural pyrethroid with an LD50 of 0.3 pg/insectigainsiaarit maie f. ,- iifcana *o
days after. treatment) or 0.1 pg .NRDC 16l;, the moJt toxic synthelic pyrethroid so far
tested_ against P. arrericana (LD50 0.052 pg/insect at two days)to cerci in 0.5 pl acetone.
Activity from cerci treated with pyrethrin I after the aMomen had been eicised was
slightly increased 30 min after treatment but soon declined to the initiat tevet, aitnlugh
the 

paltem-of_activ_ity had changed. However, when the cerci ofliving cockroiches weie
treated and the aMomens subsequently excised just before measurement, the mean
a$vity decreased progressively from 30 mjn after treatment onward; levels of activity
also varied more than those of an untreated cercus and bursts of activity were observd.
One hour after treatment there was no activity in cerci from a prostrate cockroach.
. 'NRDC 161' applied after excision of the abdomen acted fairly rapidly. After an
initial increase, activity had ceased I h after treatment. Applied to cerci of iiving cock-
roaches its effects were extremely quick. Activity decreased io one-quarter of that beforc
treltmgnt 15-30 min after application, although at that stage the insects were affected
only about as much as those treated \yith pyreihrin L

The spontaoeous activity of cercal nerves in cockroaches treated on their metathoracic
sterna with similar doses ofthe same insecticides, decreased more slowly but to about the
same extent as that of cercal nerves in cerci treated before excision of the abdomen.

These experiments therefore show that'NRDC 16l'is more active against cockroach
cercal nerves than pyretbrin I and that the action of both insecticides-on cercal nerves
is faster in live-than dead insects, possibly because the circulation of the haemolymph
speeds penetration. (Burt and Goodchild)

Knock4own qd Wicity of new symhetb pyrethroids. The toxicity of nine synthetic
pyrethroids against P. onerica a was measured. LD50s ranged irom S.O Fglnsect(epoxy.-bioresmethrin) to 0.05 pg (.NRDC 16l). For comparisonjhe LD50s ofpiiethrin
I and bioresmethrin are 0.3 and 1.7 pg/insect.

4ltlofgn the insects recovered little from initial knockdown by some comlnunds
(:NRP9 t.,ZgYA, p 138; X: Br),.NRDC 163' ([rA; x: BO, uiopermetrrii gva;
X-- Cl):NRDC 167'(IIIA; X: Cl), permethrin and cismethrinj, witi othen 1.N'nOi
158' (I[C; X: Br), 'NRDC 16l' and epoxy-bioresmethrin) there was a marked, if
sometimes partly temporary, recovery. Recovery from bioresmethrin and pyrethriu I
was intermediate between these groups.

A possible explanation for these results, to which electrophysiological tests lend some
|n!9rt, i9 that compounds from the effects of which theri ii somJ recovery, although
highly active neurotoxins, are relatively easily detoxicated. (Burt and Cooac'nifaf "

Neuosrdomy ol imect cer*al unots qFrerrrJ. The Deuroanatomical study of the
ventral nerve cord ganglia of the cockroach pedplaeta anericaa (L) @oihonsted
142
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ReDot, for 1973, Parl l, 172) continued with investig3tiols of motoneuron pathways

;e-;;r; ;i k;iy distribudon in the mesothoracic ganglion aod of the general neuro-

anatomv of the other two thoracic ganglia.

;-;&ii"i;;t of the general ieuioanatomv of the thoracic ganglia 9f the. desert

6t:;iii;;;;;;, ieeari (ro$k l),was started, to Provide structural information for
;;;k-"; tb" "tr*t 

-of 
ivntUetc pv..iLroid insecticides injected into neuron cell bodies.

;'ir.t r;;lt ;"-gg; muii"a si.ita;tlo to the arrangemint of fibre tracts in the cock-

roach.'-iiiort 
ut.o began to identi$ flight motor neurons io the thoraco-abdominal ganglion

"f 
;il;'i;;"ny, 7;", do 

"rii"ol., 
to *mplement studies o_n.rhe action of insecricides

"" 
tn"r".".illr ty Dr. T. Miller (Universiiy of California, Riverside). (Gregory)

Th causes of resistance. We continued a major programme of research on resistance to

i.r*t"la* *U"n *mains one of the most serioul and iotractable problems facing crop

;"."1#; ffi !"retic"f un l biochemical studies with resistant houseflies gradually

lveai tne nature oi resistance mechanisms and the way they interact, we are turning

;;;rtdy 6; *nsideration of the development of-resistance inield populations and

il;; thi;. be delayed or pr€vented, based on the fundamental knowledgs previously

acouire.d. The occurrince of resistance in field populations of Myzus persicae on' stgar

LTuoJ its pottitfe contribution to the virus yl ows epidemic p.rovided an unwelcome

i;&;d;. oi tne importance of our work on resistance in aphids' Our long'term pro'

;".;;G aiverte'a as far as possible to meet the- urgeni need for testing sanples

&u."t"a io tt, n"td, so that the ixtent of the practical problem could be assessed.

Resislance of housefus to PJDeltvoid it&ectic tes. Resistance to pyrethroids recently

o."".J ". s'ome Danish pig fat . where they had been used to conhol houseflies

ioUo*oi if," t*fu.e of aimeih6ate (X othonsted Report for 1973,Part 1,174)' I:boratory
r"f*U"."JAii ft"m one such farm,290, with piretlrun extgct (py' ex', giving- strain

iqi pvl, rvo..glseo py. ex. (290 rrd1, tioresmithrin (290 BIOJ and svnergised biotes-

;ilff d90 fioiriiresuttia in suuiirais which strongly resisted all pyrethroids. The-

.iir-*rirt".* 
"f 

these substrains suggested that their resistaoce diflered from that of
.ira.r xpn <r.r""t"d with py. ex.) oi to+ (selected with resmethrin) wnigh ygre -ry|
.i-ir. "i 

Zf:'"U which had developed resistance to pyrethroids in the field in 1958

following the failure of DDT.^-i. 
"" 

itt".pt t" simulate the field situation, strain 49 which strongly resists dimethoate

brI;hi"h-hrf, nol previously been subjected to pyrethroid prcssur€, w:rs also selected

*iil pyretn.oiar. Risistance,-particutarty to gr. ei. and to synergised py' ex' 9t'"togod

",ifii'io 
g"n".utions, fewei thun o""ui during one sprafng season in the freld, thus

accuratety ienecting in the laboratory what had taken Place on farms like 290'--if,";.im SIO strongly resisted the pyrethroids bioresmetbrin (resistance, factor'

nn, f amia"a'NnpC tO't; 1eo)6 unafected by 20 pgl! fly), but the progenv ofthe cross

b"f;; ihi. strain and a tosceptitle one was almost fully suscepible (RF <5)' More

a"tuita gen"ti"at analysis revealed that the major recessive.-resistance characters wero

a"ot"d;; chromosome 3 with minor oo"s on 2 and possibly on I and 5' The total

i"riri*"" p.Ua"a by chromosome 3 (RF 120 for bioresmethrin) was due to pen and_ kdr

*li"[ n"a'"f." been isolated from NiR, and a third factor, so far unidentified, which

u;_ort a ,"rirt"o"" to bioresmethrin from 30 for the combination ofpez aq4 kdr-lo 120.

Th;G no neasurable resistance (RF <2) to bioresmethrin or'NRDC 161' on the

i*i"t"d 
"hronIotome 

2, but combining it with the homozygous chromosome 3 gave a

paprl"ti". *ti"U *as more resistant 
-than that with chlomosone 3 alone, even wheo

lfriororo.. 2 was in the heterorygous 6tate. In the substrain homozygous for both
t43
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cbromo-somes, much of tbe original resistance of 290 BIo was recovered. The resistanceracror ror Droresmettrin increased to 500, and l0ol were unaffected by 20 pgle fly.NRDC I6I'.
- These results demonstrate the very geat capability ofthe characters olr chtomosome 2for modiflng other pyrethroid resisitance faco.s. fnes" ;d;;;^ normally go un-
d€tccted because they only become effective in the presence oi other mechanisis andInerelorc cannot be easily examined jn isolation. However, ualess these important
mectanisms can be detected at an early stage in the development of resistance in thefield and their potential importance h iip*Eog 

".ort-r"s.t"'o"" 
to alternative chemical@nrol agents as-sessed, rational pesticide management could be extremely difrcult toachieve. (Famham)

_ \olcrtia of acctyhlnlhenaase fton wccpnbb ad drrEttod*rcnisrard losc!frtx.
In furtler studies on the causes of resistance to- organophosjtonx inseaiciU e 6oinan_stld !.eloil for l-97 3, Pafi I , t 74) the properties if u"itytfrotioot"rase from houseflies
select€d repealedly with dimethoate (strain 49rsb) and from susceptible strains were
TT.1yfl-T.rr". 1I":qp"r were solubjlized \yith detergents urd U"hr"a 

".,irel"enuEes Dot"h rn lunetic studies and_during disc electrophoresis on polyacrylamidg geb]
Enzrymes from the two strains difered in their amnitiis for both sritstratjand inhi-bitors.

The K- for aceglthiocholine was greate_r for tfie enzyme fro- .oirtuot Aies (0.169 nu)
ttran for-that from s,sceptible flies 10.115 mu), aoa tte errym" iiom resistant flies was
less,scositive to ilhibition by high. iubstrate 

"oo""ot.utiooi, 
u 

"Uura"t 
rirt" of acetyl-

chohoesterasc. This decteased affinity for substrate was associated witu a mucn greaier
decrease in gg 

.y. 
f._t organophosihorus inhibitors 

", 
."r"*A by the bimoiecular

rate constants Cfabh 4).

TABIT 4
71e binobcdar rate constals (k) for inhibttion of acetylcholinesterase from resbto,rt @rd

susceptibh houseflies by a ronge of orgozophosphorus inhtbitors

4%tb Susceptibh
221

D. 90139 578976
48 8m94 9y2,25 172

_-The insensitive enzyme is inhibited from one-quartcr (for paraoxon) to one-twentieth
(for.malaoxon) as rapidly !,s tbe susceptibre eory-e. it sims frobaule that this in-
sensruvlty contributEs significantly to the great resistance of strain 49rzb. Although
omethoate is a poor inhibitor of even the susceptible enzyme, it is very toxic io .uroptiflJ
houseflies (.tP50 10lpS E/fly). In cotrEast, maluoxoo i. a u".y glod in-hibitor, iut a
poor insecticide (LD50 : 0.3 pg/fly). This suggests that malaoxoi is metabolised to a
much greater extent than omettroate even by susceptible houseflies. @evonshire)

I\u -yttriby'ton of nodfutt a.dybholincst.?arc a sutitat of oryampbsplwas-
lrcct d hotteiiet, To determine the importance of the modified a&tyt"nofir""ti.as. as
a mechanism of resistance we measured the irhibition by omethoate of th. ru"""ptitt"
and-insensitive enzyms b ito in similar environments 6y transplant experimenti. We
implanted the brains of susceptible flies ioto the abdomens of resiitant ins'ects Gtrain D,t4

omethoaie
Dethyl paEoxoa
Palaoxon
isopropyl paraoxon
malaoxon
ethyl malaoxo!
&tradlorvirphog

kr x l(F! (M-r miD-t)
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which has chromosome 2 derived from strain 49r2Q that had the modified enzyme, and
the brains ofresistant flies into the aMomens of susceptible insects. After topical applica-
tion of omethoate, we measured inhibition of the enzyme in the head and the implant itr
the abdomen. For conparison brains of susceptible and resistant insects were also
implanted into individuals fron their own strains. The transplant technique is feasible
because neither the flies nor the transplatrted organs are significantly affected by the
operation and there is little or no acetylcholinesterase (AChE) in a fly abdomen. When
susceptible flies were lully prostrate, about 2 h after treatment with 15 ng of omethoate
(equivalent to about twice the LDl00) over 901 of their head ACbE was inhibited
compared with only 271 in appare ly unaffected resistant flies. When susceptible
recipients were prostrate most (90 2C of the AChE in susceptible implatrts was also
inhibited but the implanted enzyme from resistant insects was completely unaffected.

The AChE of susceptible ganglia implanted into resistant recipients was inhibited
much more slowly than whsn implanted into susceptible recipieDts;2h after treatment,
when susceptible controls were prostrate, only 5ll of lhe susceptibte ACbE implanted
into resistant recipients was inhibited, and after 7 h 8ll wa;s inhibited. These tests
showed that m vivo and in the same eDvironment the susceptible enzyme is almost fully
inhibited under conditions where the resistant enzyme is unaffected. However, this
resistance mechanism by itself is weak and is not the ooly mechanism of resistance to
organophosphorus insecticides in strain D. The transplant experiments showed that this
strain has a further mecbanism that delays the accumulation of omethoate inside the
insect and that alotre this mechanism is also weak because it does not prevent the eventual
inhibition of the susceptible enzyme. However, the interaction of this mechanism with
modified AChE can protect against concentrations lethal to flies with the normal enzyme
and account for the observed resistance to omethoate. (Devonshire aod Sawicki)

Delaying tte rlevelopnent of resistrrce by using insecticfules in rotation. The development
of resistance can have particularly serious consequences when few effective alternative
insecticides are available. In zuch circumstances it is essential to delay the build-up of
resistance as long as possible because resistance cannot be suppressed onc€ established.
We have investigated whether the development of resistance can be delayed by using
ins€cticides in rotation.

Iaboratory populations of susceptible houseflies contaminated with a fixed ratio
(l : 300) of parathion-resistant houseflies ofstrain 29 were selected over several generations
with one, two or tlree insecticides singly, sequentially or combined. The resistant insects
had genes ofresistance to parathion only on chromosome 2, and carried a visible recessive
mutant (ocra eyes) on chromosome 5. The insecticides were: parathion, to which flies
of strain 29 were resistant, and dimethoate and bioresmethrin to which all the flies were
almost equally susceptible. An additional populatiotr was treated with the acetone/wat€r
solvent alone as a control. Surprisingly after only four selections spread over seven
generations the ratio of parathion-resistant : susceptible insects increased from 1 : 300
to I : l1 in the population treated with the acetone/water mixture without insecticide,
and to I :5 to I : 3 in populations treated with the tiree insecticides singly, consecu-
tively or together. Simultaneously the number of insecls with ocra eyes increased,
indicating that flies ofthe resistant strain chosen for these tests were abnormally vigorous
and bred better than tle susceptible insects. The reasons for this unexpected result are
now being investigated. (Sawicki)

Retirtorc. to i sccticidt t o/Myas persicae (Sdz.)from sryo beet. In 1973 there were
some reports that systemic insecticides had failed to control aphids on sugar beet. This
year we thcrefore undertook a survey of the susceptibility to insecticides of Mtzus
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p.?sicae from sl.rg$ beet in collaboration with Broom's Bam Experimental Station and
the British Sugar Corporation.

Before testing it was necessary to cultue the small samples received from the field for
two to thre€ Benerations to obtain a sufrcient number for bioassay. Samples were then
examined by applyng a discriminating dose (,lO ng pcr aphid) of dimethoate topically.
Previous experience indicat d that this was the lowest dose that would always kill all
individuals of a susceptible strain, In further tests a larger discriminating dose (400 ng
per aphid) was applied to detect a greater level of resistance.

Of the 17 samples tested six showed resistance of ten-fold or more. Two of these had
not been sprayed and four had survived one or more treatments with a systemic
insecticide.

Some of the samples have beeo maintained in the laboratory and tested with various
insecticides by a systemic technique. The aphids were allowed to feed on the leaves of
Chinese cabbage seedlings grown in nutrient culture solutions containing systemic
insecticides. It is possible to confine several samples on the same plant and even on the
same leaf; this decreases variability and makes it possible to detect relatively small
diflerences between the samples and the susceptible strain with confdence. Where
differences are larger both strains cannot be tested on the same plants because the ranges
of doses rcquired to obtain regression lines do not overlap.

Preliminary results (fable 5) show that resistance is geatest to demeton-$methyl
and dimethoate, the two most widely used insecticides for controlling M. persicae on
sugar beet.

TABIT 5
Resistaace factors of twofield populations o/Myzus persicae to a range of orgoaphosphorus

ln se cticide s (sy slemic bloassoy)
Straio I

demrioD-$odhyl 5
dilDethoetr 5
pirimicarb
a@ha& I

StraiD 2
>10

8
I
I

the total carboxyesterase activity of these strains was compared with that of standard
susceptible and very resistant strains from glasshouses. As with all resistant aphids tested
previously the strains from sugar b€et showed greater esteras€ activjty than the susceptible

strains. Susceptible strains from both field and laboratory hydrolysed 180-360 nmol
of d-naphthyl acetate/mg aphid/t compared with activities of290-760 nmol/mg aphid/h in
the field resistant strains, and l25G-1620 nmol/mg aphid/h for the resistant strains
collected from glasshouses. The intermediate esterase activity of the aphids from sugar
beet was associated with lower rcsistance to insecticides than that of the glasshouse-

resistaDt strains. (Needham and Devonshire)

Slde e.ff€.ts of pesficldes on be*ffcial imects

Poisodag of hoaeybees in thc fiekl. One hundred and thirty+ight samples of honeybees
thought tob€ poisoned were received from beekeepers via the Bee Advisory Service of
the Ministry ofAgriculture, Fisheries and Food. As in previous years these were analysed
for the presence of insecticides. Ninety-four samples gave clear evidence of poisoning
compared with 43 in 1972, and 63 in 1973.

Evidence to indicate how poisoning had occurrcd was available for about twcthirds
of the cases where poisoning was conirmed. Spraying of field beaDs to control ,{2rr
fabae (33 samples) is still the most coclmon cause of honeybee poisoning. Doubtless
this reflects the high level of aphid infestation in 1974, but we remain disappointed that

t6
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our recornmendations for avoiding damage to bees when applying insecticides to field
beans have apparently not been more widely adopted. Twelve samples werc associated
with spraltrg of oil seed rape. If the acreage of this crop continues to expand, with an
associated increase in pest problems, it will be important to ensure that precautions are

taken to prevent a related incr€ase in honeybee poisoning. Treatment of fruit ( I I samples)
is clearly also a significant cause oftrouble and must be kept under review. Poisoning due
to equipment coltaminated with BHC (three samples) continues to occur atrd may
sometimes be malicious.

Poisoning due to ttre use of dichlorvos resin strips was not reported in 1974, we hopc
at least partly due to our warnings of this hazard. (Stevenson)

Formdstioo of p€sticides

lwr*oercapsabtbn Further work was done to develop and evaluate micro'
encapsulated formulations which offer the potential advantages of greater selectivity,
controlled release and enclosure of repellent toxicants compared with conventional
formulations.

Microcapsules of 250-500 pm diameter containing 5/. vlv of the systemic iosecticide
disulfoton dissolved in toluene enclosed in gelatin/carragheenan/gum acacia walls were
compared with standard 7'5'l a.i. disulfototr granules as soil treatments in glasshouse

experiments. Field beans grown in pots containing treat€d Wobum soil werB tested at
regular intervals for insecticidal activity by agi,'g A. fabae on to the leaves. Results from
both formulations were similar throughout the experiment and each gave good control
evetr after six months.

Microencapsulated formulations of bendiocarb and permethrin were produced for
incorporation in leaf-cutting atrt baits for field trials in Brazil. The 100-500 pm diameter
capsules contained 0'5% toxicant in soya oil enclosed in a gelatin/carragheenan/gum
acacia wall and were added to tle bait matrix in the proportion 200 g per 20 kg bait,
together with a sticker. For effective control, good dispersal of baits within the ant colony
before poisoning occurs is essential; it was hoped that this could be achieved by delaying
the rclease of these fast-acting insecticides by microencapsulation. Interim results show
that some nests were poisoned by this type of formulation, but flnal assessments will
only be possible after several months. @hillips and Etheridge)

Control of mil inhabiting ins€ct pesb

WlEd Mb .,fy. In collaboration with ADAS, previously untried toxicants and
formulations were compared with standard insecticides as seed treatments for controlling
wheat bulb fly in trials at four sites duriagl973-74. Clanofenphos at 0'l and0'5la.i.to
weight of seed was effective at only one site;'CGA 12223' (O,O-diethyl-O-fl-isopropyl-]
chloro,l 3,ltriazolyl-(3)l-thiophosphate) at 0'2/. aud 'AC 92100' (,S-(terr-bu9lthio)-
methyl-O,O-diethylphosphorodithioate) at Ul% a.i. to weight of seed were also rela-
tively inefective. Moderately effective treatments included 'AC 92100' al 0'5% a.i. to
weight of seed and standard treatments with gmm6-S116. Standard treatments with
dieldrin, chlorfenvinphos and carbophenothion all worked well and mixtures of the
latter two gave yery good protection from wheat bulb fly attack. A liquid formulation of
the organophosphorus insecticide triazophos considerably decreased numb€rs of
damaged shoots and live larvae at all sites but damaged plants at two sites. The synthetic
pyrethroid, permethrin, was about as effective as triazophos against wheat bulb fly atrd
gave no symptoms of phytotoxicity at 0'l and O'51 a,i. to weight of seed. This result
is particularly encouraging as it demonstrates the potential of synthetic pyrethroids as
soil insecticides and provides the first reportcd example of a sc€d treatment other than

to
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an organochlorine or organophosphate which has given good control of wheat bulb fly.
However, the outstanding material was the organophosphorus insecticide isofenphos at
0.31a.i. to weight of seedl it decreased live larvae by morc than 99%, a level of control
never before achieved with a seed dressing. In neigbbouring ADAS plots, isofenphos
at O.O5% a.i. to weight of seed gave only moderate control of wheat bulb fly. The
advantage of isofenphos over staadard materials is its comparative safety to plants,
enabling it to be applied to seeds at high rates. In our tests the commercially available
powder formulation was applied to seeds with a sticker, a practice that would nor be
acrrptable for large scirle use, so a more zuitable formulation is needed.

To examine effects of depth of sowing, untreated seeds and seeds treated with chlorfen-
vinphos or dieldrin were sown at 2.5 cm and at 7.5-10 cm. The deep sown plants suffered
much more insect attack and at 7'5-10 cm neither insecticide was as effective as at2.5 cm.

The effects of soya bean oil sticker on insecticidal efficiency were difrcult to evaluate
because the insecticide used, gamma-BHC, damaged the germinating plants. Sticker
with organomercury fungicide alone applied in the 'Rotostat' seed treater gave excep
tionally good initial plant stands, an effect that will be studied further. (Grifrths,
Jefls and Scott)

Contol of weevils and associated yirus€s itr fiell beans. Further collaborative work on
this project is described in the report of the Plant Pathology Department (p. 235).
@theridge, with Cockbain, Plant Pathology Deparhent)

Be[aviour-conEolllng sbstrnces

We cotrtinued to investigate chemicals that inf,uence various aspocts ofinsect behaviour,
with the objective of exploiting them for pest control or management of beneficial ins€cts.

C.odling moth. Catches of eodling moth in pheromotre (truts-\, trots-IHodecadien-
l-ol) and light traps at East M,lling have now beeo compared over three years, 1972-74,
in which the weather differed considerably, Pheromone traps wer€ more eftcient thaD
light traps at the start of the season, caught moths earlier (rRo thamsted Repo fot 1973,
Part I, l8l), and appeared to reflect the emergence of male moths more closely. Tte
relationship b€tween the cumulative pheromone catch and the ac.umulated heat sum
(above a threshold of l0"C) was similar for each year. The catch began when the heat
surn was approximately 50 day degrees and the numbers caught were 1C-20/,,40-501
and 80-90 f of the total catch ofthe first generation when the heat sum was 100, 150 atrd
300 day degrees. In each year the numbers trapped increased coDsiderably when the heat
sum was approximately 100 day degees which coincided with the first catches of moths
in the light traps. The early season carches correlatod well with the total catrhes.

Because the pheromone traps are very sensitive at low moth densities, they should
indicate reliably whether or not insecticide treatment is necessary. However, more
information must be obtained from orchards left unsprayed in order to relate the numbers
trapped to fruit damage. A provisional guide is that until catchcs exceed 5 moths/trap/
week, economic damage is insignificant. (Greenwan with Dr. J. E. Cranham, East
Malling Research Station)

Ct3micsb rffectiry tte bc[aviou of wh€at bulb fly lrvae. Laboratory box tests have
showtr that damage to wheat by wheat bulb fly larvae can be decreased by growing plants
in various mixtures of activated charcoal and compost, possibly because of adsorption
of the arrestant exuded from the wheat (rRoth&$ted Report for 1973,Part l, 181-182).
To examine this under field conditions, two chamoal treatments were included io single'
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row trials at four sit€s with high wheat bulb fly populations. In one treatment, seeds were
p€lleted with charcoal ftindly undertaken by Germain's (U.K,) Ltd) ; in the other, charcoal
powder was mixed into the seed furrows. With both treatments seeds germinated very
well. Applying charcoal to the furrows slightly decreased attack but was not as effective
as in the laboratory experimetrts. Pelleting the seed with charcoal had no effect.

Considerable purification of the wheat 'arrestant' and the oat 'anti-arrestant' (Rorharn-
sted Report lot 1970,P{t I, 167-168) has now been achieved. Chemical investigations
with the purified materials suggest that the arrestant is a polyphenolic compound, possibly
present as a glycoside, and the anti-arrestant is a polyhydrorylatEd aliphatic matErial.
(Scott and Greenway)

CGtol of lcafstting atB, Ac?orrtyt Et oclospiaosus, Atta cepluhtes tfr Atta seslcrc.
With support from the Ministry of Overseas Development, we continued work to develop
effective and durable baits for these very serious pests of crops in the New-World tropics
and sub-tropics. This included the search for chemicals which would attract the ants to
the bait and induce them to carry it back to the nest, the development of suitable matrix
materials, the investigation of slow-acting toxicants which could be dispersed within the
nest from the bait before poisoning occurred and the study of mechanisms of food sharing
within the colony.

Phytochemical rtrrstmts, Efforts to identify a chemostimulant responsible for the
arestant properties of grapefuit albedo and citrus pulp were discontinued when it became
clear that the activity of the extract was due to a variety of common plant constituents
contained in the extracts. It appears that for leaf-cutting ants, as for many phytophagous
insects, an optimum balance of constituents is required for a particular plant to be chosen,
rather thar the presence or absence of a single stimulant or deterent (although these
can be important in the first stage of a behavioural Howeyer, for practical
purpos€s, investigations will continue to determine those extracts, fractions, and com-
ponents of fractions, e.g. carbohydrates, with sufrcient activity to cause laboratory
colonies of ants to retrieve inert materials such as flter paper discs or vermiculite impreg-
nated with them, for possible inclusion in various baits to be tested in the field-

The possibility that the allts select material on the basis of its suitability as a medi"m
for fuagal growth was investigated. A method of growing the fun gu;s of Atta cephalotes
in sterile sultue on exhacts of various plant materials was devised and growth rates
compared. Very signifcant differences in the growth rate of the fungus on different
autoclaved crude plant extacts werc found but these could not be related to the ants'
preferences for the various plants. This is partly due to the difrculty of determining the
ants' preferences, which fig highly variable, in the laboratory.

Using buffered glucose-p€ptone growth media, pH was shown to affect the growth rate
of the fungus considerably. As the pH of the plant extracts varied greatly it seemed likely
that this could explain the earlier results. However, adjusting the pH of the least favour-
able extracts did not appear to affect the growth rate significantly.

It is likely that the availability of nutrients in the plants is greatly modified by the effect
of enzyme secretions in the ants' salim and in fecal droplets deposited on the fungus
gardeD. Fungal gowth rates were therefore compared on various extracts with added
ant secretiotrs. The most successful method of adding these secretions was to allow the
ants to collect particular plant matErial, incorporate it itrto the fungus garden and after-
wards remove the material for extraction. The extracts were steril.ised by filtration rather
rhan by heat to minimise chemical alteration. All the leaf material so far tested after
treatment by th€ ants has supported good fungal growth, confirming the beneficial effect
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of the ant secrctions, but again there appears to be little relation between rates of growth
and the ants'prefercnces for different plant materials. (Mudd and Bateman)

Pharyngerl gland conpouerts. The suggestion that the components of this elan4 which
is implicated in transmission of food and insecticide through the colony, were derived
directly from the diet and material gathered by the ants was confirmed by feeding speci-
mens alternately on highly pigmented and non-pigmented substrates. The colour changes
that took place in the gland were found to correspond closely with the changes in diet.
(Mudq vrith Dr. D. J. Peregrine, University College of North Wales, Bangor)

Lrbor8tory screenfog of insecticides for use in brits. The search for insectisides with a
delayed killing action over a wide dosage runge (Rothamsted Report for 1973, Paft l,
183) continued. Approximately 50 compounds were tested, of which l0 gave a delayd
action approaching that of the standard mirex. These were carbophenothion, dichlo-
fenthion, cblorfenvinpbos, crotoryphos, dimetilan, dioxathion, fospirate, 'M&B 19985',
mecarbam and'Shell WL 2,1073'. Some ofthe compounds tested acted very rapidly and
were eflective at comparatively low conc€ntrations. Among these were chlorpyrifos,
bendiocarb and permethrin; the latter two were used in special slow release formulations
in the ensuing field trials. (Etheridge and Phillips)

Field riab with experimentd baits. Experimental baits were tested in the fleld in Bahia,
Brazil, during September-November 1974, from a base at the C€ntro de Pesquisas do
Cacau (CEPEC), Itabuna, Twelye types of bait were used. Mirex, chlorfenvinphos,
dichlofenthion, carbophenothion, mecarbam, crotoxnrhos, dioxathion and fospirate were
dissolved in soya oil (with a little acetone) and sorbed on dried citrus pulp to give bait
containing 5l soya ol and O.2[insecticide. Dioxathion and fospirate baits contained
0.ll a,i. ard O'DlYo a.i. respectively. A microencapsulated slurry formulation of
pirimiphos methyl was mixed with dried citrus pulp to give 0'1 f a.i., and dry permethrin
microcapsules were incorporated to $ve 0C051 a.i., the larger capsules in this formula-
tion (10G-500 pm diameter) being stuck to the dried citrus pulp using 0'51 of the sticker
'Aeronal 4D'. A commercial slow-release formulation of bendiocarb was sprayed directly
on to the dried citrus ptldp rt O'V2l a.i. A bait consisting of vermiculite with orange
juice as an arrestant and mirex dissolved in soya oil solution as the toxicant was test€d
as an altemative to the dried citrus pulp carrier. All baits were made up in 20 kg batches
using a cement-mixer which gave a very satisfactory uniform mix. The baits were applied
against two species of leaf-cutting aJtls, Atta cephalotes wbich fotm very large nests (up
to 150 m2) mainly in forest areas and particularly in cocoa and rubber plantations,
arLd Atta sexdens which generally form smaller nests (up to 50 m2) in more olxn forest
and scrub areas where the soil is more sandy and drier. Bait \Yas distributcd on the main
active trails near the entra.nce holes of each nest at a rate of I kg per nest. Each bait was
applied to at least five nests of both species. An interim assessment was made three weeks
after the baiting and a second treatment with 0'5 kg ofthe same material applied to each
nest. This first assessment already revealed signs of poisoning and many of the A a
sexdens nestds appeared dead. A final assessment of each treatment will be made after
about tlree months. (Etheridge, Phillips and Scott)

Repell€ncy rnd persistence trials, Complementary trials caried out in the field in Brazil
included tests of repellency by different concentrations of the iusecticides (0'2, 0'1, 0'02
and 0.0051) and of the effects of weathering on the loss of insecticides from the dried
citrus putp baits. Only in one case was any relxllency observed (dioxathion at the highest
concentration) and even this was &mporary. After thres weeks weathering, which
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included high temperatures and heavy rainfall, thc appearancc of the differcnt baits
varied greatly. Baii containing dichlofenthion was blackeoed by fungus and had rotted
badly, ind that containing mirex was almost as poor. The bait incorporating-fospiraie,
howiver, was almost unafected and that with crotoxyphos only sligbtly affected, showing
that these insecticides had fungicidal properties. Baits containing the different insecticides

were sampled at known intervals throughout tle thre+'week weathering period. These

will be analysed by gas-liquid chromatography and the rcsults related to the meteoro-

logical conditions. (Philtips, Etheridep and Scott)

Mrtcrirl used by solitary tf sF to s€al frefo nest* Species of the aphid-hunting genus

Passaloects havi be:'l, pioposed as agents for the biological control of aphids and thrips
in glasshouses. They nest in beetle borings and other very small holes in wood using a
sti&y material to seal the entrances. This sticky mat€rial is of interest because, unless it
is a natural secretion, it will have to be provided for wasps in culture.

The presence of tr- and p-pinenes in tle nest material was detected by gas chromato-
graphy-mass spectrometry. The mass spectrum of the chief component of the door
iaierial, isolated by preparative thin-layer chromatography, showed this to be a mixture
of abietic and pimarii icids which are tyPical components of pine resins. Using a thin-
layer chromatographic fingerprint technique developed for the identffication of resins

(itahl, Thin lnyer Ctuomatography (1969), 28, Springer-Verlag) it was possible to show

that material from a nest of Passaloeau gracfli.r (C\rtis), a nest ofP. rrigzir (Van der
Linden) and a nest of P. corziger (Shuckard) was similar and like the resin of Pl'zns

sybe*ris L.- 
It is of interest that larvae ofthe saw fly Neoiliprion sertifer ingest this resin atrd use it

as a defensive secretion to deter a variety of predators and entomophagous parasites. It
is thus very suitable for protecting ttre brood of these solitary waspa. (Mudd, with
Dr. S. A. Crrbet, University of Cambridge)

Pea molt. Collaborative work is described in the report ofthe Entomolory Department
(p. l(D). (Greenway, with lrwis, Macaulay and Wall, Entomology Departmen!

Footprirt sbstrnce of worter honeybees. This work is described in the report of the
Entomology Department (p. 114). (Greenway, with Butler and Welch, Entomology
Department)

Equipment rnd tectniques

Insect n€fioanltoEicrl tectnqu€s. New work with the Bodian silver technique (Rotham'

sted Report for 1 969, Part I , 220) on the cockroach Periplaneta americaa (L) aIId hotsse'

fly, Musca domestica L., central nervous systems revealed that the purity of the sodium

sulphite used in the silver developer greatly affects the quality of results. Details are

rcported in paper No. 19.

Two additional staining methods were successfully employed to extend the earlier
studies with Procion yellow and cobalt chloride (.Ratiarzsted Report -fot 1971, Paft I'
l9l and for 1973, Part l, 18!186). Toluidine blue (Altman & Bell, Brain Research
(1973), 63,,187-489) was used to show nerve cell body distribution in wholemouots of
thoraiic ganglia of cockroach and house-fly, and injection of trypan blue by atmospheric
pressure lHipam, Stait Teclnobgy 09'10), f5, l1$-ll8) to display tracheation of
whole cockroach ganglia. (Gregory)

Artiflcirt feeding of a$ftls Itwas reported last year (Roriamrted Reportlor 1973,Partl,
186) that an artificiai diet lachng nine components ofthe Californian diet (Mitier et al.'

l5l
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Jownal of Insect Physiology (1970), 16 2311826) and including some at incrcascd
concentrations was more acceptable tlan the Californian diet to a British strai n of Myzus
persicae, aJthottgh less nutritious in long term tqsts. Myzus petsicae from three otier
sources in Britain also settle preferentially on the modified diet as do aphids of the
origrnal labomtory strain reared on radish, bean or potato. Even aphids maintained
on the Califomian diet for two years settle preferentially on the modifred diet \yhen given
a choice. Alate M. persicae behave similarly to apterous forms. Other species of aphid
behave differently : addt Aphis fabae show a slight preference for the Californian diet but
their larvae grow better in short-term tests on the modified diet. Of the aphids that are
more restricted in their host platrt range, adrults of Megoura ylcie? settle preferentially
on the Californian diet but do not feed actively: feeding is not increased by painting
bean extracts on the membrane or including extracts in the diet. Lawae of M. ticiae d,o
not feed through tle 'Parafilm' membrane. Phorotbn hurnuli from hops settle on sucrose
solution in preference to either diet and grow only slowly on diets. Adult A. evonryi
fuom Euonyrus europaeus will not settle on diets, sucrose or water presented via s
'Parafilm' membrane. (Griftths and Greenway)

Insect reariry. The following species were reared:

Pr,ANr FlDEns
Ho,moptera Acyrtlosiphoapi.:nsn(Harris)

Aphis labu (Scop.)
Br ev i cor ye brasslcae G..')
Macrosiphum rosae (L.)
Myzw pedcac (Sulz.)

StraiDs. Susceptible
Several organophosphate-resistant

Mego.sa vicioe B\ckl.
Phorodon lwruA (Sfuank)

Strai[s. Susceptible
Resistant

Hemip@ra DysdercusintemediusDislalt
Coleopt€ra Phaedoncochleariae(F.\

Orthoptera

Diptera

OrIrERs

Blaberus clitcoidalis (L.\
Penplorgta qrrcricqna (L.)
Drosophila me larcgatter (Meig.)

Strains. Normal
Vestigial wings

Musca clonustica (L.)
StraiDs. A wild-type susceptible strsin

ac ; ar ; bwb : ocra--alld 608Q, a multi-marker susceptible
strain. SKA-dieinotr s€lect€d, very resistant to maDy
organophosphorus itrs€cticid€s

Scveral strains derived ftom SKA each with one or more
factors of rBistance to organophosphorus insocticides or
DDT

Several srraios deriyed ftom 49rrb each with one or more
factors of rcsistance to dimethoat€ and other organo-
phosphorus insecticides

Several substrains of 49rzb deriv€d by sel€ciion with
pyrcthroids

2gorb-dimcthoste sel€cted strain
152
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Musxa donestid O^) conthtd
Strains. Several substrains of 290rb d€riv€d by sclection with

pEethroids
NPR-pyrethrum extract sel€cted strain
several straiG derived from NPR each with one or more

factors of rcsistasce to pF€throids and DDT
104---{€$Dethdn selected strain

Calliphora erytltocephala Meig.\
A qomy rme x o c t o $t hosus (Reir,h)
Atta cephalotes (L.)
Diqetie 4 rup@ Mplnlmh

Hymenoptera

ftngicid€g

Con&ol of common sclb on potrtoes. Previous reports indicated that it may be possible
to control common scab, caused by Streptomyces scabies, by haulm-sprays. This year
most of our experiments wsre designed to explore this possibility further, in both glass-

house and field, However, in one field trial some chemicals were tested as conveotional
soil-treatments.

Glasshouse lests of hadr*qnays. Potted Majestic plants were grown from shoots in
the glasshouse. The haulms were sprayed with aqueous solutions of the test chemicals,
care being taken to prevent spray material from reaching ttre soil directly. Two tylrs of
chemical were tested: amino acids and plant gowth regulators (including some trans-
located herbicides at very low concentrations). Amino acids were applied several times at
itrtervals of three to four days but gowth regulators were sprayed only once. Sprays
were first appliedjust before the tubers began to form, when they are susceptible to attack
by .S. scaD&s.

or.-ethionine, at 0'2%, d@reasd the incidence of scab (Rothatnsted Report for 1971,
Part l, 199); at concentrations up to l'0% it was slightly more effective, and had no
effect on yield of tubers. No differences were found between the o-, L- and DL- isomers.
Twenty-three other amino acids were tested, but none had any consistetrt effect on scab
incidence.

The following growth regulators and herbicides did not affect scab incidence at the
concentrations shown: chlorphonium chl oide, 0 051; p-hydroxyethyl hydraite, l'0%;
2-isopropyl-,1-dimethylamino-imethylphenyl-l-piperidinecarboxylate methyl chloride
('AMO 1618),0.21; dicamba" 0.0002%; glyphosate, 0.0021; and picloram,0'm25%.

By contrast, gbberellic acid at 0.01% decreased the incidence of scab by over 4Uof
(P < 0.0r. The yield of tubers was not affected, but many of the tubers were distorted.
Lower concentrations (down lo 0.N25n had less etrect on scab, but still produced
almost as many distorted fubers.

The effect of daminozide sprays otr scab, reported last year, was confrmed. Detailed
experiments with 0.151, O'3%,0'6% nd l'Z[aqueous solutions showed that (a) all
concentrations decreased leaf area by about l0%; (r) none of the treatments affected soil
moisture; (c) the maximum effect on plant height (a decrease of ove l0f) was reached
at O.6l daminoide; (d) all treatments increased yield of tubers by about 8%; (e) scab
incidence was progressively decreased by increasing concentrations, the geatest effect
(a decrease of over 551: P ( 0'001) being produced by l'2ft daminozide; (fl damino-
zide-treated plants usually produced a few distorted tubers.

Alalogues of daminozide were made by combining rarsyrn. dimethyl hydrazine,
N-pminepiprsrifins or N-aminomorpholine with the anhydrides of succinic, methyl
succinic, glutaric, maleic or citraconic acids. Nine such analogues were t€sted as single
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spr€ys (1.2n. Thcre was a positive correlation betwecn thc rdulting decr€ases in plant
height and scab incideuce; however, the only analogue which was comparable in effect
with deminozide was dimethylamino maleamic acid (CGll).

Iit d trfuls of huhrspays. Dl+thionine and daminozide, both of which decreased
scab incidence in the glasshouse, were tested in two small field trials (cv. Maris Piper)
at Wobum. The plants were sprayed ?t 125 gayac (1.100 litres/ha) in mid-June. Scab
incidence was calculated at harvest from 50 ware tubers per plot (tfuee plots per treatment
per trial). Table 6 shows the amounts of scab found, expressed as percentages of those
in the corresponding unsprayed plots. Both chemicals clearly decreased the incidence of
scab in the field as effectively as they had done in the glasshouse. The tendency of
daminozide to cause distortion of tubers was less noticeable in the field. There was no
indication that any of the treatments affected feld, but the plots were too small (one
row X4 m) for reliable estimates.

TIBLE 6

Efec* of hauhn-sprays on scab incidence in the field
Scab incidence

Trial 2
58
24
47

100

33
38
53

Rat
(ks/ha)

39

78
78

ScabYicld incidenc€

I In 30f ethanol

Organomercury se€d Eeatments. Organomercury fungicides provide considerable
protection to cereals from seed-borne fungal pathogens. Work on their effi.cieocy against
seed-borne Septona nodorun ard Fusariunnivale, continued and was extended to include
soil-borne FrJarr'.rz infection.
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No. of
Tr€atment sprays

Dl.dhiodD€, 02% 3
'Dl-cthioDiD., 1.0% 3
d^ninozi&,l4% I
ulsprayed

ISD, P : 0.05
oa
0'01
omt

Trial I

lo0

40

1

Fbld trial of soil<pplied clumicals, In a trial at Woburn, chemicals were applied to
the soil on 17 April; all plots were rotavated immediately and potatoes (cv. Maris Piper)
were planted on the same day. Scab incidence was calculated at harvest from 50 ware
tubers per plot (four plots per treatment). Table 7 shows the yields and the amounts of
scab found, expressed in the same way as in Table 6. None of the treatments with lerl,
butyl catechol, which was at least as effective as quintozene in the glasshouse (Rolharnsted
Repo lor 1973,Part l, 188) gave satisfactory control in the field. (Mclntosh)

TABLE ?
Efects of soil-treatmenrs on yield otd scab incidence in the field

Tt€atmeot
+rerr. butyl catechol, 2% solution'
+rerr. butyl catechol, 4% solution+
+rerr. butyl cat€chol, 20% dusi
quiDtozeDe, m% dust
U Eatrd

rsD, P : GO5
o'02
(}0t

67
67
16

100

34
4l
4

94
86

108
IM

?
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Contot of Septorto rodorm. The importanct of distribution of phenyl mercuric
acetate (PMA) on treated wheat s€€d in storage was studied using infected seed. S€ed

was treated with PMA at 0'5 and 0'05 pg Hg/seed (liquid treatmeno, mixed with un-
treated seed in varying proportions, and sown either immediately or after one month's
storage. The ptants were grown in pots in a growth room and scored for coleoptile iofec-
tion ifter three weeks. Storage significantly improved fungicide performance only when

50 and 75 % of the seed was treated with 0'5 pg PMA, but not when 100 % was treated' It
is suggested that all such improyements with storage were the result of an improved
distribution of fungicide between seeds, and not from increased p€netration into the

seeds. If deep penetration of the seed is essential for good performance, then this must
occur almosi immediately after treatment. There was no diflerence in the performance

of PMA on naturally infected seed compared with that on seeds which were inoculated
on the surface with spores. This suggests that the infection x'as near the surface and easily

reached by the fungicide. The use of dimethyl sulphoxide as a penetrating agent did not
improve the performance of PMA.

ihe effectiveness of dust treatments of PMA and ethyl mercuric chloride @MC)
against S. nodorum was studied in a field experiment in which wheat seed (cv. Joss

Cimbier, 75% infected) was treated with four rates of mercury. Table 8 shows some of

TABLE 8

Control of Septoir nodorum by orgaomerary seed tteatments
Rate of meicury

me/ks

00
0.016 0.4
0.08 2.0
o.4 10.0
2.0 50.0

Emergedcc
(plabts/m)

Seedlitrg Lfaf 2 Graitr
infectiotr ioil.clio! yield(y) (y) (tAa)TEatmcDb

Nil

PMA
PMA
PMA, PMA

J,-3 31.7

59-7
55.2
65.1
t3.l

t2-4

t4.0
8.0
0
o

7.5

D.9
'rr . tt
21.7
32.7
21.8

30.8
31.0
29.0
19.9

7-4t

7.il
7.34
7.4
6.89

7 .32
7.08
1 .57
5.27

54.9 15.3
6t.6 10.0
56.3 I.3
33.1 0

EMC 0.016 0.4
EMC 0.08 2.0
EMC 0.4 lO.0
EMC 2.O 50.0

I,SDatP:005 7-5 0.35

the results. Seedling infection was almost completely controlled at 0'4 pg Hg/seed, a retc
below the normal commercial target of 0't-1'5 pg. Seedling infection was low and did
not result in damage, but seedling establishment and consequently yield were reduced by
the highest rate of mercury. leaf disease develoPed late in the season and did not corre-
late with the level of seedling infection, suggesting either that the spread of disease

befiveen plots was very efficient or that the seed-bome infection was not responsible for
the leaf disease.

Contol of see&bon e Ftsarium nivale. Liquid and powder treatments were applied to
seed of winter wheat and spring barlen 30% infectd wilh F. nivale and effectiveness

evaluated in pot experiments. PMA and EMC were less effectiYethan agunst S. nodorum
although storage of treated seed for sk weeks at l5"C improved performance. PMA
controlled F. nivale better on wheat than on barley, These results may be explained by the
location of infecti on. Fusadwn zivale is probably deepseated in the seed, thus largely
escaping the effects of the fungicide, apparently unlike S. nodonan which is more easily
controlled. Fusariun nivale was not completely controlled even by fungicide rates two to
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three times those appted commcrcially. Thc presencc of a hull on bsrley seed probably
further decreases the performance of the fungicides.

Agar plate tests with two isolates of ,E'. niyale and four ofS. rodonaz showed both ftrngi
to be sensitive to PM A, F. nivale b€tog only slightly less sensitive than S. nodorum, T\is
supports the hypothesis that diferences in the site of infection are mainly responsible for
the differeaces in the susceptibility of the two diseases on wheat seed.

Control of soil-borrc Fusium. There is some controversy about the importance of
mercury se€d treatments for controlling soil-borne seedling blights. Some reports suggest
that control may be either partial or negligible. We therefore started experimeDts using
inoculated soil and PMA-treat€d wheat seed to determine the extent of control that can
be achieved in the early stages of plant growth- Using soil inoorlated with f. aimorwn
more than g)% control of coleoptile infection was achieved by PMA at 2 pg Hg/seed.
Control was not improved at 3 rrg ,but even this level of control may have sigDificant
effects in the field. The 3 pg dose was slightly phytotoxic, causing a reduction in mean
shoot length.

Relationships bclnecn fui on seed Fusaritmr nivale frequLeatly fails to respond
consistently to increasing rates of PMA applied to the seed. In general, increasing rates
up to 0'125 pg Hg/seed does not improve control. This could be explained by differences
in the depth of infection or by differential toxicity of PMA to other seed-bome organisms
which inhibit or promote infection. To gain more knowledge about such interactions
between seed-borne pathogenic fungi and other organisms inhabiting the seed, wheat seed
was inoculated with F. nivale or S. nodorum mi&d with common seed-borne saprophytic
fntrgp (Altemoria, Epicoccum and Cladosporiwn spp.) and with other pathogenic .Fararia
(F. culmonat and F. avenaceum). None of the saprophytes significantly affected disease
and nixtures of pathogens were usually less damaging than exp€cted from results rvith
single species, although no definite interactions were observed. After inoculatiog barley
seed, already naturally infected with F. ziyale, with saprophyt€s, oneisolzts of Epicoccunt
and two of bacteria significantly reduced seedling disease. There was no evidenc€ that
organisms other than bacteria can consistently influence seedling disease. Microbial
relationships in the presence of mercury are now being itryestigated. (Bateman)

Mode of action of systemic fungicides, The effect of ethirimol on successive steps in tte
infection of barley by powdery mildew (Erysiphe gramhis f.sp. hordei Mercbal) was
examined s,ith the aim of developing a quantitative bioassay for the fungicide, and of
providing material suitable for biochemical studies on its mode of action. This led to a
detailed examination of two assay techniques; one involving the iz virro effect of ethirimol
on germ-tube growth, the other its inhibition of appressorial formation ,n ,iyo. DespiG

TABLE 9
Response of two mildew stroins to ethirimol

Tolerant SeNitive

Itr vitro assay (a)
ln vivo assay (b)

ED50
2.00
1.23

ED50
0.0@1lt
0.017

Ratio T : S

9s%
ntrdeocc
limits
75-5.t0
78-2. t0

@

0.
0.

9s%
confidencc

limits
0 .00018-o .0012

0.0ll-0.025
4166

72

(a) 
_ 
CoDinia qepositcd otr cellopharrc oembraoc ovedyiDg 0.5 % (dv) agat; ED50 values cxpressed as

,aglml ethiriEol pres€ot i! agar
O) ED50 values givca as ppm (ftrsh $€i&t) withi! kaf sagocnt at inoculation
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standardized procedures, and the use of genetically homogeneous material, considerable
variation was encountered in both assays. Nevertheless, a strain (tolerant) isolated from
ethirimol-treated barley *herc mildew control was poor, and a strain (sensitive) not
previously exposed to the fungicide, clearly differed in ttrek response to ethirimol (Iable
9). Examination of six single pustule progeny of each strain gave information about the
stability ofthis tolerance. In both bioassay procedures, ED50 values for progeny differed
widely from those of their respective parents, and only the i,, yirro assay gave clearly
different results for tolerant and sensitive progeny. For individual progeny the results
of the two assays did not correlate well suggesting that separate aspects of ethirimol
action were being measured. These results indicate that field populations of mildew are
likely to vary widely in their response to ethirinol. (Hollomon)

Factors iduencing lte effectiwrcss of systemic frmgicid€s appli€d to soil. Work on the
factors influencing the relative performance of different precursors of carbendazim
(MBC) following application as seed treatments continued.

Previous results (rRorhqnsted Repo for l973,Ptt t, 190) indicated that betromyl and
'NF48'controlled mildew (Eriryphe gronmrs) and smut (Ustilago nudo) on barley more
etrectively than thiophanatemethyl. Effectiveness appead to depend partly on relative
stability, but other factors were also involved. In further field experiments this year, a
wide range of benzimidazoles was compared. The compounds tested were benomyl,
c1'pendazole, carbeodazim, thiophanate methyl and 'R28921' (2-(3'-methoxycarbonyl|
thioureidol-O,O-diethyl phosphoranitide). All treatments except'R28921' significantly
decreased smut, but were less effective than in 1973, possibly because the initial Ievel of
infection in the seed was geater in 1974. Average values lrom four replicate plots were
8.1 smutted heads per row for benomyl, 18.4 for thiophanate.methyl, 21.9 for cypendazole,
33.6 for carbendazim and 7I.7 for 'R28921' compared with 74.5 for untreated controls.
Relative effectiveness against nildew was broadly similar to that against smut but
differences between treatments were smaller and less consistent. All treatments except
'R28921' increased leld of grain significantly. However, the increases were not all
consistent with the relative eflectiveness of the different treatments against the diseases
assessed, average yields being 4.86 t/ha for benomyl, 5A tlha for thiophanate methyl,
4.86 for cypendazole, 4.53 for carbendazim, 4.04 for'R28921' and 3.81 for untrcated
controls. It is of interest that benomyl gave b€tter yields than thiophanate methyl in 1973,
whereas their effectiveness \vt!s reversed in 1974.

To obtain more information about the factors determining performance, the uptake and
translocation of carbendazim and the most efective precursors from the field experiments
in 1973 and 1974, were studied in detail in pot experimeots using radiotracers. Seeds
treated with uGhbelled benomyl, thiophanate-methyl, 'NF48' and carbendazim were
planted iu Wobum soil in controlled environment rooms. At intervals from 2 to 28 days
after planting seeds and seedlings were harvested and radioactivity in seeds, roots, stems
and leaves determined by scintillation counting following freezedrying and orygen flask
oombustion. Preliminary results indicate that the pattern of uptake is generally similar
for all compounds exc€pt 'NF48'. Amounts present in the seed decreased after the fust
sampling at two days in all cases, although the decrease was least marked for .NF48,,
With benomyl, thiophaDate-methyl and carbendzzim amounts in the roots changed
little after atr initial uptake, but there was a continuing accumulation of .NF4'. In the
aerial parts of the plants, the amounts of radioactivity increased progressively for all
compounds except 'NF48' which appeared to level ofl after 14 days, at which stage uptake
was much geatcr than for the other compounds. Therc was a steady accumulation of
radioactivity in the leaves for all compounds. Total uptake by the whole plant was thus
much geater for 'NF48' than for the other compounds, particularly in the initial stages
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of gowth. This substantial early uptake could explain why 'NFzl8' was particularly
effective against the seed-borne disease, smu! in the field trials. Further experiments are
under way to investigate the patterns ofuptake and translocation in more detail. Physical
and chemical properties of the different compounds, such as solubility, octanol/water
partition coefficients and pK values are also being measured with the objective ofdefining
the properties required for efEcient uptake. (Graham-Bryce and Nicholls)

The Ctemical Uaison Unit

As the Unit has become bettcr established, increasing use has been made of its amlytical
services. The work done during the year has thus included many short-term investigations
to solve urgent problems or to check pesticide treatments, as well as longer term investiga-
tions mostly planned in mnjunction with biological departments at RothamsGd.

Examples of short-term studies include many analyses of seeds treated \ ith BHC,
ethirimol or mercury to help with investigations into the performance of seed-treating
machinery or to check seed used in experiments. Many soil and crop samples have also
been analysed. Thus unexpectedly small populations of wheat bulb fly in an experiment
on its behaviour yvere shown to be due to the unint€nded use of dieldrin-dressed seed.

Regular patches of virus-infected potatoes in an otherwise healthy crop were found to be
caused by unsatisfactory application of phorate, while failure of diazinon to control
lettuce root aphids was attributable to rapid metabolism in the soil. Other problems
investigated have involved the analysis of aldicarb, benzimidazole fungicides, endosulfan,
fe16el[is1 and emine fungicides in soils, crops and pesticide formulations, the identifica-
tion of carbaryl and MCPA in poisoned bees, the examination of deposits following a
fire in a pesticides warehouse, and the analysis of orygen atrd ethylene concentrations
over stored potatoes.

Activities undertaken to facilitate the work of other dePartments include the purifica-
tion of pesticides (e.g. quintozene for use in isolating strains of fungi) and the synthesis
of l{C-labelled beozimidazole fungicides. The Unit has thus had to deploy a wide range
of synthetic and analytical tcchniques in providing a service to those interested in the fate
of pesticides. Projects forming part of the longer-term prograrnme of the Unit are
described below.

Uptalc of pestictdes from soib by t'iiils. Previous work suggested that it might be
possible to describe the distribution of pesticides between worms and moist soils using
simitar equations to those developed for partition between soils and water (Rothamsted
Repo fot 1973,Part 1, 180). This was investigated further by keeping individual worms
in jars of pesticide-treated soil and measuring the pesticide content of worms and soil at
interv"als.

Equilibration between soils and worms is slow, taking four to eight weeks, in contrast
to the relatively rapid equilibration betweeu living worms and water ('[-8 h) or between
worm sotds and water, which is complete within minutes.

The slow equilibration in soil may be ascribed to the slow and only partial mixing of
soil in the tests, which was accentuated by the formation of 'permanent' burrows by thc
test species (Lumbricus tefiestris). When the soil was stirred at intervals equilibration
was no faster although the concentration of the stable pesticide dieldrin in the \rorm was
insreased.

The slow e4uilibration between worms and soils makes the prediction of anything
but the upper fimits of ooncentration in worms (or other soil-inhabiting organisms)
dificult b€causc the pesticides may be metabolis€d as rapidly as they are taken up from
the soil, which was the case with chlorfenvinphos. Equalln the concentration attained
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in the organism following application of a given amount of pesticide to the soil rnay be
limited by slow degradation in the soil as with diazinon; in this case the cotrcentration in
soil decreases continually but the concentration in the worm rises to a maximum and thcn
slowlydecreases. (LorO

Prevention of moulding fo d.rnp bry, Previous work (Rothansted Report 1973,Part1,
122) emphasised the need to improve the distribution of propionic acid duriog baling
but did not account for the erratic distribution of mould through bales or the almost
complete absence of acid from portions of individual grass stems, where moulds had
grown,

To discover whether this was the result of metabolism of propionic acid, samples of
hay containing 401water lvere treated with 0.2 or 0'4f of propionic acid and placed
in Dewar flasks. Conc€otrations of propionic acid were assayed at intervals.

Hay treated with 0'4 I propionic acid did not mould and the concentration of the acid
remaind constant. However, hay treated with 0'2 f propionic acid heated spontaneously
with the development of moulding which was preceded by the almost complete dis-
appearance of propionic acid. Heating and moulding were delayed by about five days
compared with unEeated hay.

In a parallel test, damp hay treated with propionic acid was incubatcd in loosely
closed jars at 25"C. At 0.21, propiotic acid did not prevent uninoculated hay from
moulding following degradation of the acid. Degradation was accelerated by inoculatitrg
the hay with spores of Paecilomyces yarioti b\t not with Fusarium culmorum or an
unidentified ye2.sl. At0'4%, propionic acid }\,as not metabolised and prcvented the hay
from moulding whettrer or not it was inoculated. (Lord, with Lacey, Plant Patholory
Department)

Effects of repeated rpplicetiotrs of peticides on soil properties. The intensive use of
combinations of crop protection chemicals seems likely to increase, even on traditional
low-value farm crops. The effects of such repeated treatments are not known and a long-
term field experimetrt was therefore started at Rothamsted to create chemical reference
plots treated annually with reprcsentative agricultural chemicals, singly and in all
combinations. The chemicals chosen were benomyl, chlorfenvinphos and aldicarb
incorporated into the seed bed and chlortoluron applied as a prsemergence spray to
continuous spring barley sown with untreated seed and given optimum fertiliser and a
hormone weedkiller. Disease, residues and yield will be measured annually and effects
on the soil microflora assessed by the Soil Microbiology Deparhent.

The first year's results were much as expected although aldicarb (50 % loss in sir weeks)
was rather more persistent than found previously and benomyl, determined as carbenda-
zim, with an apparent half-life of about three months, was much less persistent than at
Woburn. Benomyl reduced mildew by about 501 in June and by slighdy less in early
July, Aphids were virtually eliminated by aldicarb, although numbers were small even on
untreated plots.

Benomyl increased yield by I 5 I ; the best yields (6.9 t/ha) being given by combinations
of benomyl with aldicarb or chlorfenvinphos. The herbicide, chlortoluron, which is
recommended only for winter cereals, but has been used experimentally in spring cereals,
reduced yield by about 10f, although there were no obvious signs of damage. As one
of the objects of this exp€riment is to investigate whether repeat€d annual treatments
aflect degradation rates aod whether several chemicals together have additional eflects,
we shall continue to use chlortoluron and determ.ine any charyes itr its etrects on feld.
(Briges)
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Behrytotn of 'NServe'in rchtim to its cfiectc o dtiflc.tlotr" 'N-Serve' has bceD
extensively used as a nitrification inhibitor but no work seems to have been published on the
behaviour of the chemical itself in the field. 'N-Scrve' treated amnonium sulphate was
either broadcast or placed 3 cm deep in bare soil at Woburn in May on two plots of the
Soil Structue enclosure, with organic matter contents of 1'4 and 5'91. Morc than 80/
of the inhibitor volatilised overdght from the broadcast treatment, after which subse-
quent loss was slow. The small amount of inhibitor renairing caused no inhibition of
nitrification. Nitrification was inhibited for at least nine weeks by the incorporated treat-
ment. 'N-Serve' decayed steadily by an apparently firct order process, 501 being lost
after 28 days in the soil low in organic matter and after 50 days in the soil high in organic
matter. 'N-Serve' is hydrolysed in soil to Gchloropicolinic acid and other chemicals that
are hydrolysed in soil are known to persist longer in soils with high elgads 6xtte1
contents.

Upward movement of ammonium N and 'N-Serve' over short distances was observed
during the 6rst week after incorporation when it was dry. Ammonium ions were more
mobile than'N-Serve'in the more strongly adsorbing soil high in organic matter.
'N-Serve'was leached more readily in the soil low in organic matter but in both soils the
maximum 'N-Serve' concentration was within 2 cm of the application depth even after
l.l0 mm of rain.

The usual method for treating small fertiliser samples with'N-Serve' is to add 'N-Serve'
solutions in an organic solvent to the fertiliser and evaporate the solvent in air or in a
rotary evaporator. Tests showed that up to 251 of the 'N-Serve' applied in this way wns
lost overnight when treated fertiliser was left in a tray covered with a plastic sheet and
up to 80 % was lost when the rotary evaporator was used. Because 'N-S€rve' is so volatile,
it is therefore not possible to prepare treated fertiliser containing accurately known
amounts of inhibitor by the solyent evaporation method and analysis of the product
before use is essential. (Briggs)

Incorporation ofnematiclde granule fuo soik Nematicide granules should be uniformly
distributed in soil to a depth of at least 10 cm to minimise multiplication of potato cyst-
tematode (Rothamsted Repo for 1973, Part I, 164). Of the methods used to incorporate
nematicide granules into soil in the field, rotavation has usually reduced multiplication
most, although increases in potato yields are often little afected by the method of
granule incorporation. To determine the distribution of nematicide in a peat soil follow-
ing incorporation by four different implements of 50 kg/ha 'Temik' l0 GC granules
(containing l0l a.i. aldicarb), 5 cm diameter soil cores taken immediately after treat-
ment were divided into horizontal sections and the concentration of aldicarb in each
section measured.

The spiked rotavator incorporated granules to the nominal working depth of 15 cm,
and the Roterra and reciprocating harrow to just below 5 cm. The distribution of
granules between cores wzls similar for these thrce implements. In contrast, the spring-
tine harrow gave a less uniform distribution to a depth of about 10 cm. (Bromilow and
Lord)

Developnent of analyticel ne&ods

Chlorlolrvon. Gas-chromatography of chlortoluron proved difrcult and was not
considered a satisfactory basis for a residue assay method. High pressure liquid chromato-
graphy ([IPLC) was more successful and a method for measuring residues of chlor-
toluron in soils using this technique has been developed, capable of measuring 0'2 ppm
chlortoluron in Rothamsted and Woburn soils with very little clean-up.
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Chlortoluron is extracted from soil with methanol. The extract is waporated to dryness
and the remaining solids extracted with hexane. The hexane extract is thcn assayed by
HPLC using a 0.5m x 2mm column with silica packing (10 rrm particle size), 15%
propan-2-ol in hexane as solvent and a u.v. detector at a wavelength of 2.lO nm. (Lord
and Smith)

Collatorative worh witt lte Plant Pattologt DeprltD€[t

The follorring collaborative work is described in the report of thc Plant Patholory
Department:

The absorption ad moyement of benzimidaole frmgicides in potato tubers ad soil $l 24O).
(Austin)

Top-roll of potato plants @. 241). (Austin, Gibson and Simkins)
Assessing the bacteri.al contani ation of tubers G). 238). (Austin, Iapwood and Lcgg)
Sclerotinit rol of clover Qt. 2A). (Austin and Jenkyn)
Chemical control of ryegrass wthogens (p.233). (Austin and Plunb)

Strff

P. H. Nicholls was appointed to help with work on physicochemical aspects of the
behaviour of pesticides. S. Dickinsoa was appointed to a temporary post provided by
the Ministry of Overseas Development to help with work on the storage and processing
of coconut pollen. I. H. Williams from the Canada Department of Agriculture, Vancouver,
completed a year in the department as a visiting worker and Dr. A. E. Smith from the
Canada Department of Agxiculture, Regin4 arrived for a similar visit. Other visiting
workers included Mr. Theodoros Broumas from the Ministry of Agriculture, Athens,
and Dr. Iskandar Ajjan from the College of Agriculture, Lattatia, Syria. Sandwich
course students who worked in the department were Angela Coates, Brenda O'Connor,
Mrs. Valerie Rlenius, Pauline Ruggles, Dilys Seig, J. Hunt, J. J. Tinkler and I. P. Walker.

At the invitation of the Ministry of Overseas Development and the Coconut Industry
Board, A. J. Arnold spent one month in Jamaica advising on methods of processing and
storing coconut pollen as part of a mass pollination programme to increase production
of hybrids resistant to lethal yellowing disease. K. A. Irrd spent four weeks in Tehran
and shorter periods in Rome acting as a consultant to the Food and Agriculture Organisa-
tion in connection with a project to examine the fate of chemicals used to control locusts.
K. A. Jeffs participated in the CIPAC symposium on seed treatment at the invitation of
the orgadsers and visited research institutes in wageningen. J. H. Stevenson was inyited
by the OILB Working Group on Beneficial Artfuopods to discussions st Darmstadt
on minimising harmful effects of pesticides. Several members of the department partici-
pated in the Third IUPAC Congress of Pesticide Chemistry in Helsinki: M. Elliott
organised a symposium on pyrethroid insecticides; A. W. Famham, N. F. Janes, and
R. M. Sawicki presentd papers and I. J. Graham-Bryce acted as Chairman ofa session.
With support from NRDC, M. Elliott spent three months working on the synthesis and
metabolism of radio-labelled pyrethroids in the laboratory of Professor J. E. Casida,
Division of Entomology, University of Catifomia" Berkeley, USA. He also contributed
a paper to the American Chemical Society Symposium on Mechanisms of Pesticide
Action in Los Angeles and was invited to present a paper on pyrethroid insecticides at a
symposium on Insecticides for the Future organised by the Rockefeller Foundation in
Bellagio, Italy. At the invitation of the organisers, I. J. Graham-Bryce participated in
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discussions of the EURATOM Contacl Group Radioentomolory in Wageningen and
presented a paper at the 5th International Symposium on Integrated Control ia Orchards
at Bolzano, Italy. He also acted as a UK reprcsentative to the CENTO Conference on
Toxicologz of Pesticides ia Tehran, contributing an invited paper. With fi"encial support
from the Ministry of Overseas Development, P. Etheridge, F. T. Phillips and G. C. Scott
spent three months in Brazil conducting field trials on baits for leaf-cutting ants. They
were based at the Centro de Pesquisas do Cacau (CEPEC), Itabuna, by kind permission
of the Director, Dr. P. Alvim.

In collaboration with T. Irwis (Entomology Department) and Dr. S. A. Corbet
(Westfreld College), A. Mudd, F. T. Phillips, P. Etheridge and I. J. Graharn-Bryce
presented an exhibit on the use of behaviour-controlling chemicals for pest control at a
Royal Society Conversazione. P. H. Needham organised an exhibit of the department's
work on control of aphids at the Chelsea Flower Show. Several other members of the
department hel@ to prepare and man the exhibil
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