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Introttuction

Crop protection against insect Pests at Present depends heavily on a very limited range

of dtremicat classei. The declini of the organochlorine compounds in rec€nt years as a

result of resistance and unfavourable Properties io the envirooment has left the organo-

phosphates and carbamates as the only major groups from.which to seek practical treat-
'menis for confolling many pests. notU groupsict by inbibiring ac€tylcholinesterase, and

ihi vulnerabitity othi-"h d"p"od"o"" on siuch a restricted range of insecticide types implies

i". g";; 
"aa"i 

impetus io our long-term studies aimed at-facilitating the discovery of
new-insecticides and alternative methods of insect control. In this connection it is very

$atifying that the synthetic pyrethroids, a group whose development has been pioneered

l"n ttti oipon."nt-for many years, ari n6w riceiving much attenlion thoughout the

world and are widely recognisid as a very valuable and timely addition to the pesticide

u-or.y, having creat coimercial promiie for use in agriculture-and horticulture' The

ft otortutt" pyr-eihroids now under large+cale development all originated either. at
'notn".tt.O ii f.om the independent appioach by workeis from the Sumitomo Chemical

Company. The studies we report this y.it *"." di.e"t.d to eshblishing more clearly.the

ir"pG;tiAt of the reclnt u&urot t iri"h led to these compounds in terms of relation-

ships between structure and activity.--laapyrethroids 
are active again;t many pests and the practical.evaluation now under-

*"v io'Jorv 
".ri..s 

is progresiivety eslablilhing their future role in crop protection' The

pn6to.t"Ut. .*u.ptes, iike-earlier members of the group' app-ear-to be datiYely rapidly

aG;;Ji;;;boli" ty.t..t, including soil, and so ire u.nlikelv to ac'umulate in the

eniironment. Nevertheless when applied-by appropriate methods they can control certain

soil pests effectively, as further ieiults on the aclivity of pyretboid seed treatments

alaiist wtreat UutU Iiy larvae, reported this year, demonstrate' The factors affecting the

frJor."n"" of soil-applied insecticides remain poorly understood and there is little to

ioiae tn" r"u."n tor niw materials. The investigation ofthese factors therefore forms part

if the wide-ranging programme of research inthe Departrnent-and the Chemical Liaison

Unii oo t6e Uetr"avi-our oipesticides in soil and on theii availability to receiving organisms.

ihi diff.tao, utp""ts ofthis programme and of our complementary studies on s€ed treat-

t*rtt u.. O"t".it d at various p'oints in this report. Practical studies in this fietd include

ne* *o.L on slugs, which are increasingly important pests, p-articularly in direct drilled

c.opt. ln collabo"ration with the Entomology Department fundamental work on slug

control has also been started.' 
The paucity of insecticidal mechanisms associated with the existing range of commer-

ciui inriJaa'.t ut.o underlines the seriousness of resistance. We continue to devote much

utt"ntion to the problems of resistance, which in the long term are possibly the- most

ior-iOaUte facini chemical methods of crop protection' Our fundamental studies on

mechanisms of re-sistance and the ways they intiract have now been extended to include

eiu,nioutio" of organophosphorus-resistani acetylcholinesterase in-different arthroPods,

while our practical stu;ies have again been concentrated on aphids' There can be no

doubt thai resistance to organofhosphorus insecticides is now- well established in

iyzus persicae hBritain; in tie lig'ht ofthis development our work is designed to provide

a sound baris for advising on conlrol measures in the short term and to seek strategies

which will avoid further-problems in the long term. Parallel work on insensitivity to

fungicides has emphasised the imporianc€ of understanding the population genetics and

coripetitiveness oi tolerant straini in devising such strategies- To- obtain sound know-

ledg; of the complex factors governing the development of resistance to insecticides

and fungicides will require ixtensive investigation and different conclusions are

likely to 
-apply to each cioppest-pesticide situation. Nevertheless it seems essential to
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strive to obtaiD such knowledge if the future of these very valuable products is to be
safeguarded.

IE€cticid€s

Relrtiorshipc between molecular stucture and ircecticidal activity of pyrethroids

Strucnral vaiations of ac lic comlmnalts of esten

l. No*cyclopropaae esters. The most potent natural and synthetic pyrethroids are
esters 

_o.f 
(l R)-dimethy-lcyclopropanecarboxylic acids (I or U: R,:it,: Me; or

R' : R' : F, Cl or Br; or R, + R": (CHr4) with' a 2_alkenyl or _alkadienyl_3_
methylcyclopent-2-en-4olone, 5-benzyl-3-furylrnithyl alcohol, 3-phinoxybenzyl alcoholor d-cyano-3-phenoxybenryl alcohol. Insecticidal activity is associated wi;h methyl

qgupj 9n the cyclopropane ring held in a particular steric relation to the unsaturated
side chain^which is ,ranr (I) or ns (II) to the carboxyl function- Recently, in a" il;;;;i
advance, Ohno et al. (Agricultural and Biological ihemisty (lgi4) Sg,-Stt; snowid that

or)0)

Compound Structure
T 3[.E 1
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Y
e)-*Y"-.

(v)

o

(vtrD

a\Y\l\o,\ro-*
o

(x)

O{r*.

"dt-. "fr"-- &=
(xIv)

the dimethyl groups need not be attached to a cyclopropane ring but that esters of the

above alcoiois wiih some (S)-a-isopropylphenylacetic acids (Ilf) are active insecticides.

To supplement published information, esters of tle new series (fable l) have been syn-

thesized to deteimine how their insecticidal activity is related to that of the Yery potent

plrethroids developed recently in this laboratory.
Compounds l-D (Table l) were prepared by alkylating a benzyl cyanide and then

esterifying the derived acid with 3-phenoxybenzyl alcohol, a representative and accessible

alcohol. The insecticidal activities of the racemic esters were compared with that of bio-
resmethrin (relative activity, lco) to Musca domestr'ca L. (HF) and Phaedon cochleariae

Fab. (MB) by the usual methods. The conclusions were that:
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(i) Halogen_on the ring is most effective (Cl, Br or F) in the pposition, slightly less
m-, and inactive o-.

(ii) A. mono-methyl group in the an-. or p-position is sulrrior to the other alkyl sub-
stituents investigated (see Table l).

(iii) only.esters with one alkyl group at the c-position are active, with relative effective-
ness in the order Pd > Et > cyclopentyi > cyclohexyl.

Table l, entries 2G-31, shows the activities of new compounds, for which syntheses
were. develolrd, designed to explore further the relationships b€tween structure and
activity in this s€ries. In compounds 2G-23 replacement of a 

^carbon 
in the active com-

pounds_l or 16 by an altemative isosteric atom gave compounds which were not active.
small alterations in the distance and spacing frdm the ar;houc component of the aro-
matic centre in compounds 2,t-27 again considerably diminished activity. tn 

"o,npoords28-31 either one or both ofthe methyl groups of active esters are locke,cl into a particular
conformation by bridging bonds, or groups. Compounds 30 and 3l were almosi inactive,
but low actiyity remained in the esters with struciure (XI!.

2. Cyclopropaae esters

(i) The nature of the substituent at c-3 of the cyclopropane ring strongly influences the
insecticidal activities of cyclopropanecarborylatis *hici u.e, iri' geneiai, greater than
those of any non-cyclopropane compounds yet described. fitato"vinyt ;;op";;lh;most eflective substituents in this position; a new variation (Cl_C:i_lwai providedy,a the acid obtained.by dehydroihlorination of 3_(2,2-dihaiovinit)_Z,Z-di.etnyt cy"tl-
propanecarboxylic acid. Esters with this modification (entries t_:, faUte Z; were less
active than the parent dichloro-compounds.

. (ii) Corpouuds with-methyl groups on C-1,, synthesized yrd Wittig reactions with
J-aceryl-z,z-dlmethylcyctopropanecarboxylates had lower activity than the parent
C._l'-_H compounds (Rothamsted Report for tgZS, part l, 153-4). Esters with eliective
side chains (e.9. ClrC:CH) but an additional metiyl group on i_3 were atso inactive:
in both these variations the additional substituent p.iuuuiy ioniuit attainment of the
optimum conformation for actiyity.

Rl._x
*'\ -o-ll' -n

o

compouad Rt y' 
R

l0
50

:
I

<l
<l
<1
<l

House
fli6
l5
70
32

<l
<l
NT
NT
NT

I

3
4
5
6
7
8
9

l0

Mustard
beedes

CI.c=c-
Cl.C=C-
Cl.C =C:HrC:C(CHsF

CTLCH:C(CHrI-
CHsCH'CH:C(CH,}-

CIL(CHr)rCH:C(CHsF
CI,C:CH_
ClrC:CH-
Cl2Q:611-

H 3-phenoxybelzyl
H d-cyaDo-3-DheDoxybenzvl
H 5-benzyl-3-furylmarhyl-
H 5-benzyl-3-furylmethvl
H 5-benzfl-3-furylmethrl
t{ 5-benzyl-3-furylmethvl
H 5-benzvl-3-furvlmethvl

CHg tbenzil-3-fu;tmerhit
CHs 3-phenoxybenzyl
Clls d-cj'aoo-3-phenoxybenzyl

Stuctural of ahoholb 
_ 

comeonents of esters, c-Cyano-3-phenoxybenzyl
esters are more active insecticides than the parent esters without this iubstituent, as
illustrated by the relative potencies (ca. I :10) of esters of [lR, cr]l-3{2,2dibromovinyl)-
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2,2-dimethylcyclopropanecarboxylic acid with 3-pheno:ybenzyl -and [S]-a'cyano'3-
pi.oo*yU-r7l atcohbts. to inY;stigate the effect ofplacing this substituent in the same

iegion of the'molecule, but attached at a different site, 2- and 6-cyano-3-phenoxybe-nzyl

iii"r, o"." .yoth"rised. Both compounds were almost inactive, so that in neither did the

lo"ution uoalo. the influence on ionformation of the cyano gxoup simulate that in the

d-methylene substituted compound.

Preparurion of luger samples of pyrethroitls tbveloped at Rotha'nsted' In work since

Septe'mber t9?5 suiported lointly 
-by 

the NRDC- and its.licensees, large samples of

"ui1or. "o.poords'have 
bein preparid. The work has invotved detailed examinatioo of

the methods originally used in thi laboratory so that procedures and yields corrld be

improved to thJstandard needed for large-scale syntheses.- (Chemical work: Carson'

Coion, Elliott, Janes, Johnson and Pulman. Biological work: Farnham and Freeman)

Mode of action of insecticitle

Newotoicity of pyretfuoids. Although certain consistent relationships have been

established Ueirrein 
-tlre 

structures of synthetic pyrethroids and their toxicities to whole

insects (overall toxicity), previous sfidies (Rothamstetl Report for 1975, Paft 1,15fr)
failed to reveal any suih relationships between structure and neurotoxicity. The giant

fibre axons examined proved relativily insensitive to the action of pyrethroids. It was

concluded that these a(ons are unlikely to be the critical sites of action for pyrethroids

unA in *o.t this year effects on synapies in the cercal nerve/giant fibre pathway within

ihe terminal abd;minal ganglior weie investigated. The test insects were again adult_

iile periplan"ra a*ericaia (i.) ,,rd a sucrose gap technique (Callec & Sattelle , Journal of
Experimintal Biology (19?3), 59, 725-38) similar to that used for the giant fibre axons

was employed. Stimulation was applicd to oue or both cercal-nerves XI and the response

recorded fiom the abdominal nervi cord while the terminal abdominal ganglion was irri-
gated with solutions of the test compounds in saline containing-0'5% a(f,ton,e'
" All plrethroids decreased the post-synaptic response, eventually blocking the synaPse'

pharmacological tests indicated that failure was post-synaptic and non-depolarising.

Tho. .youpit treated with pyrethroids respond progressively less strongly to nicotine

and a;tylcholine (which act specifically post-synapticaly); eventually spikes can no

iong". b" initiated, and there rimains oniy a small excitatory post-synaptic Potential
whi-ch is abolished by nicotine. The possibility of additional pre-synaptic efects cannol

be excluded, but conduaion in pre-iynaptic axons is not significantly affected at block

because in many preparations with blocked synapses pre-synaptic action potentials from

the cercal nerves are still detectable.
Relationships between molecular structure and synaptic neurotoxicity u'ere no more

apparent tha;for axonic neurotoxicity (Table 3). However, the- results do provide further

evidence that the action ofpyrethroids at synapses is different from their effect on axons.

In general synapses are moie susceptible tlan axons but not equally so to all compounds'

this, although decamethrin CNRDC 16l) was 20 times more toxic than'NRDC 158'

to giint fibre axons, the two compounds are almost equally toxic to synapses''NRDC
1631, cismethrin (NRDC I l9); bioresmethrin CNRDC 107), 'NRDC 103' and

'Kaiethrin'were all more toxic to synapses than to giant fibres, but 'biotetramethrin'

and'NRDC 157'were more toxic to giant fibres. Most compounds became comparatively
more effective against synapses the longer they were applied to the preparations.

Desheathing ganglia before treatment increased the toxicity of the compounds tested

(bioresmethrin, 'NRDC 158' and decamethrin) up to ten times.' 
The discrepancy between oyerall and neurotoxicities may be associated with processes

outside the nervous systems such as differential penetration and detoxication; if so,
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n€urotoxicilies_ should paralrel overa[ toricities obtaitred by injection more closery than
those. obtained ty topical application. Table 3 shows, howeJer, that LD50s recorded
two days after injection resembled those for topical applicatior very closely, with thi
so-le exception of 'biotetramethrin'. Tabre 3 arso-indicaiei that arthorigh or.iar to*i"ityof pyrethroids is unrelaled to their porarity neurotoxicity increasei with increasrni
polarity.

TABIT 3
Overall toxicity and neurotoxicity of pyrcthroids to p. americana

LDsfiaa)'
Topical 't-rl""t"a Neurotoxicity (r1M)+

To giant fibres To syrapses
'Kadethrin' ('RU15525')
Bioresncthri n
Cismethrin
'NRDC 163'r.NRDC I57'b.NRDC I58'C
DecarDethriDd
'NRDC 103'e
'Bioletramethrin'r

t 2 days afte. treatment

1.30
l.l0
0.19
o.25oto 0.090.09 0.10oo5 (}08

65.00 9{036.00 47.N

0.5 0.3l'4 0.92.0 087.4 4.18'o 9.j
5.7 1.0

I.l 4.8

03 (}8
r (D.0 7.O

1.90
r.60
0.38
o.32

+ coocenlration d@-teasinc amDlitude oft 3-phenoxybenzyl (lR. transl3-12.24ibt.
30linthI 3-pheooxybenzyl (lR,

b 3-phenoxybenzyl (IR,
c (+Ia-craDo- (IR,

6 provisional common namc for
vioyl)-2,2{imethylcycloproDanecal

i.e. a l:t.mixture oithe r'i"n ao'aogui of a-difthri;;d i6
- 

u provrstonal cofirmon rame for .NRDC 16l. or (S)_d-cvrno
meth.in a[d its epiDer
' or (S)-d-cy.no-3-phenoxybenzyl (lR, cD3-(2,2-dibromo_oylF2,2-dimethylcyclopropaoecarboivlaie 

- -
. pentametbylbenzyl (lRS, cri, farrr) ihrysanthemateI 3,4,5,Gtetrahydrophthalimidomethyl oil, rrazs) chrysanthemate

Atholqh cercal nerve-giant fibre synapses are somewhat more susceptible to many
pyrethroids than are giant fibres, the toxic concentrations are still high'relative to thlprobable concentrations in the haemolymph of poisoned insects and tiis, together with
the. inconsiste.nt structure{oxicity relationships, suggests that these synapses a.e not
cnttcal sites of action. (Burt and Goodchild)

- Newoanotomy of the insect cenfia! neryoas gtstem. The description of the nerve cell
body.groups and their fbre pathways in the mesothoraci. gungion of the cockroachPlrillyn1ta americarra (L.) (Rothamsted Report lor tgZS, p;t i ISO; *a, continued.
Detailed work on the seven unpaired midlinl ced groups, comprising some 200 neurons,
mostly apparently interneurons, was almost co.fleted and tLe deLiled descriprion oi
the 9thgr, glred, cell groups begun. Other_aspects of ganglion neuroanatomy, closely
involved. with the cell goups, arso received dltailed aitenion: identification'of intei-
ganglionic interneurons was started; it became possible to begin unravelling the fibre
compositiol of the complex commissural tracts that link the tw; halves of the-ganglion;
and a small nerve, now termed the recurrent nerye, which branches f-- tne io."G;o,interganglionic connectives and was excluded from ihe earrier account of the periptrerat
nerve.roots-(Gregory., Philosophical Transactions of the Royal Society o7 tnndoi S (leU1,
'267, 421-465), was described.

-work 
on the-neuroanatomy of other ventral nerve cord ganglia continued with studies

of the longitudinal tracts of the suboesophageal and pro- -animetathoracic 
ganglia, for

comparison with those of the mesothoracic ganglion. A preriminary investiga-tioi of fte
suboesophageal ganglion of the desert locusi, Schistoceica gregaria (Forskil), was also
und€rtaken, to help in interpreting the corresponding but mJreiighly modifiei ganglion
of the cockoach. (Gregory)
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Ihe nature and csus€s of resistsnce' The praclical problems of resistance in aphids

(iyzus persico") on sugar b€€t uguin o""uPi.d muclt' of our attention this year' Work

iiriJ 
"i 

pio"liirg a b-asis for aiuising on control measures in the short term and at

-tiAp"iirig f"t ti"risistance problemstntinued. Longer term fundamental studies on

the mechanisms of resistance were also maintained.

Survey of resistance i,l MyzlE persicle. Approximately 21000 aphids from 3'10 samples

rveie eximined biochemicatly forieiiitarce during the sug.r beet gowing season.-Aphids

from 90 samples were also uttuy.o uv the siriple drs-ilTr^-natrng bioassay (dip test)

Jescribed lasi year (Rothomsted iliport'for 1975, Par. l, 158)' Tle samples were either

collected by Rothamsted Staff, or'*ere sent by woJkers from Broom's Barn Experi-

mental Staiion, the British Sugai Corporation' ADAS or the Scottish Agricultural

Colleges. Most came from sugar beet or potatoes' - --
Evin with this very large eFort, our data are not fully representative because samples

could not be obtain;d f.om atl regions, many had to 6e cbUected on an opportunistic

;;;i;"rd 
"f1., 

contained few indi;iduats. N;vertheless, certain general conclusions are

clear. almost all the samples "ru.ir.a 
contained resistant (R) aphids and in 70"7 of

ifr"." t".pi., iteast ls"trof the individuals were resistant' Aphids were all susceptible

i" 
".fy1i^'*.pf".. 

itre proportion of resistant aphids varieg considerably in the different

i.ei"; .i;dJ tTable 4). in the iouth East ana East Anglia atmost all aphids examined

*Jr"."rirtuot; ."ristant aphids were also predominant in Noflhern England and Western

i;;tl;;; ;ra'**.ptiur" (s) aphids weie fairlv frequent in South western England'

wuf"r uoa in p".ulytfri.e 'tSnaiaL*l where ri. peri'ae *ere very numerous during

early summer.

Region

TABLE 4

Geographical distrbution of resist@t aphids

Iiumbers of samples th$ocifled eeTij?f of nsistanl individuals

s. wales and S.w. EoEland I
N. wales and w. Midlands 4
S,E. EDgland and E. Anglia 0
Derbysh-ire (Shardlow) 5
N. F;gland I
w. sc6tland I

3
7
I

l4
4
0

I
5
6
6
2
0

5
3

l0l
I

20
9

Some samples from Scotland and Norlhern England contained-individuals with greater

";;;;;iJiry "rd 
greater resistance than the ioderate levels tyPical in other regions'

it 
"r. 

.o." ,.iirtunt-aphids resembled strain TIV found last year in Bedfordshire' They

.t.""giy i.iti 
"ti"oopt 

osptro.us insecticides, for example they show l0Gfold resistance

;;;-#;h;;; 
"";pureo 

lr'ittt ontv s ; lo'fota in tte stanaard MSIG tvpe' and thev also

resisl pirimicarb ( x z1-9).
- 
il"'pi"p.rti.r" of iesistant aphids in samples collected from.the different regions

"rrufui 
iitr. ir,toughout the seaion. This apparent stability woutd be expected where

;;;;;;;;;;il;'y well establishid as in South East Ensland-and E:st Anglia where

.ir-ri 
"ff "pnlJ. "oliected 

by G o. Heattrcote lBroom's Barn) from overwintering sites

b"tlr""n 
""riy 

March and rnid-Muy ,u.t. resistant: during the remainder of the season

sq760 i;pr;. "i "lates 
and 48/49'samples of apterae contained 75% or more R indi-

,iauun do*.".. R/S ratios also remained constant throughout the season where

susc€ptible individuais were more numerous as at Shardlow' This suggests that the

;;;6;t,r;t of R and S aphids are affected relatively little by insecticide spralng during

Li"'rp.irg 
"no.utly 

summer and are governed mori by^the genoqpes of the successfully

""".i'i"1"'.i"g 
p-tlienogenetic femalei. If it .un be confirmed that this applies generally'
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evaluetion of R/s ratios earry in the year should give a good indication of the incidence
of resistance to be expected during the remaindeiof thjseason.

Futher evaluation ofthe dip test for discrimineting between resistrnt and susceptibre ophids.
Iaboratory studies showed that the dip test is s€nsitive to temperature and discriminates
b€st and fastest between R and S aphids at about 20'c. where plants have b€en treated
with 'Metasystox', at least two days shourd erapse before aphids are collected for the test.

The reliability of the test for detecting reiistance wai assessed uy esti-ati"l Lio-
chemically the proportion of R aphids present in each of the 90 samiles tested, ;hich
were collected throughout the season in different parts of Britain and from ditrere;t c;;;
as dhcussed above,._ The dip test failed to detectiesistance in only 4 of 75 samples esii-
mated billhemically to contain $)l or more R aphids. This Lfficiency of detection
(about 95 fo) may be regarded as satisfactory iD view of the low resistance levels of field
populations which are such that betwfn 60 and gO% of the insects in resistant p;;;-
lations are killed by the dose which kills all S aphids'i-n every test.

The help of British su€ar corporation trials oficers *a" irlist"d to evaluate thc dip
test under practical conditions. The test was demonstrated during a one-day course heli
at Rothamsted, and each officer was provided with a dip test kitl

Due mainly to shortages of adult apterae, only threi officers were able to complete
enough tests with sufficient accuracy to alrorv proper evaluation. tney outained faii togood correlations between dip test results and the degree of contror, and their results
agreed reasonably well with tests done on the same aphids at Rothamsted. It was crear
that field workers would often flnd it difficurt to perform dip tests in addition to other
urgent work during the busy period-of the year in the growing season. It may therefore
be best- to u:e th! tei! mainly for forecasting the likelihood"of resistance .lrfi i, iU.
season (see above), which would be best underiaken by a limited number oftrials officers
thoroughly trained and experienced in its use.

. Re$oryhips le*eea tlE presen l -o! relstaacc aad efectiveness of control sprays, To
determine how the presencc of R aphi_ds aflects the perfoimance of control sprals, lphids
were counted and tested biochemically and by dip test before and afte.i."r;g *ia;
demeton-S-methyl ('Metasystox') or pirimicarb( Aphox,) at recommended ratei oJr.r"r,
rarms. 'I he results are difficult to interpret because the infestations were relatively slight
and very localised in most of the fields inspected. Howeyer, the observations suggest tf,at
A-phox gave very good to excellent controiof the aphids and its effect lasted up 6-f f AuV.
after lreatment, eyen though this p€riod coincided with trapping ofvery largeiu-bers Lf
aphids at Broom's Barn and Rothamsted. 'Metasystox"ai +io nt in qso- or 675 litreswater-ha-l gave less eflective, in some cases unsatiifactory, control of apterae in a but
one of the flelds examined. Differences between the proporiion of R aphids pr" anO pori
spray were slight because most of the pre-spray samplei already contained gb;1 o. more
R aphids.

-In a carefully monitored test at Rothamsted, 'Metasystox' faired to contror adequately
a- heavy infestation of M. persicoe on potatoes. Spraying with the recommended dose of
'Metasystox', 420 ml in 450 litres water ha-r, aicriasea the infestation from eight to
four apterae_ per leaf (two days after spraying) but increased the proportion of R ;phi;;
in the samples from 75 b fiD\. Ao inspeciion of the field eighi hiurs after treatment
showed that all but the apterae on the underside of the bottori-most leaves were killed
by 'Metasystox'. The survivors reinfested the tops within two days of treatment even
though laboratory experiments showcd that the leives from a[ paris of the pot"to ptuni
were lethal to susceptible laboratory-reared aphids by systemic Gsts. parallel;xperiments
done with laboratory-reared R aphids showed that many survived on these .Meiasystox,-
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treated leaves. However, both S and R aphids died in similar tests on leaves tleated in tle
deld with 'Aphox'. This confirmed field experience at Rothamsted, where 'Aphox'
.""ortiuffy cGared heavy infestations of M. persicae on potatoes, close to fields where

'Metasystox' had failed.
it ii" t"rt, showed clearly that R aphids survive .Metasystox' treatment because they

"ro 
*itt .t oa systemic dosis lethal toS aphids. The resistance is however insufficient to

Drevent kll bv t-he direct contact of the sprays; hence improving the efficiency of spralng
lould improve control of R aphids by'Metasystox'. (Devonshire, Moore, Petzing' Ric'e

and Sawicki)

Efects ol inhibitors on rcslmuse of susceptible aad reshtattt 
-ho. 

usefies to insectbides_.

l-ne:phthyi N-propyl carbaniate (Ni'C) baa been shown to inhibit selectiYely carboxyl-

ester'ases'whicfu diioxify pyrethroids and some organophosphate insecticides (Jao &

iasida, Pesticide Biochimistry antl Physiology (1974), 4, 465-'12)' As part of our investi-

sations into the nature of resistanc€ mechanisms we have therefore investigated the effects

3i NpC oo tUe uctivity of parathion, paraoxon and malathion against susceptible house-

flies and against two sirains with diffeient mechanisms ofresistance to orgatrophosphorus

insecticides.- 
ifr" 

"f"cts 
of NPC and NPC plus piperonyl butoxide on the activity of paraoxon and

p".uthioo (Table 5) were unexpected, particularly the aDtagonism. of paraoxon by NPC

l'o uti tnr"". .t an., including strain 2g in which a major mechanism of resistance is an

"rt.iu." 
nlutut"a into a ph6sphatase. The strong synergism of parathion by NPC in-

.t 
"i.lsl.-"Ir. 

puzzling.'These results cannot be,explained by the known properties.of

fVpC*li"n is a'good s:ubstrate for monoorygenasei and associates with acetylcholin-

i.LL* i. 
"aOiti":" 

to selectively inhibiting esierases. It appears therefore that the action

oi NpC *itf, organophosphorus insectici-des is considerably more complex th1n. yjth
py.itfr-iJ irt*, -.f 

primary alcohols, which it synergises because of its esterase-inhibiting

activity.

TABII 5

Efect of NPC alone and with piperonyl butoxide on lhe activity of parathion artd paraoxon

against diferent houseflY strains

IDsecticide

Parathion

Paraoxon

Additive
Fg per fly
NPC (52.5
atd, l'25 pg\

Nrc (52.5
and l.25ps)

Diperonyl
butoxide (2pg)

NPC (2.5ps)+
pipcrotryl
butoxide (a,A)

piperonyl
butoxide (2pg)

Nrc (2'5lrE) + modcratc wry stroDS stroog.
DiDeroDyl slErgism synergism syneryEm
butoxid€ (2pg)

ResDoDsc of srain iDdicatod to itrs€cticide plus additivds)
susceptible 2Y 53D

slight . strong. no effcct
synerg$m syDergrsm

slight stloog stroDS.
syn€rgi$n altaSousm syn€rgsm

atrtagodfum antagodsm antagonism

spergism syrrcrgism smergism

gr€atcr syDeryism than with pipcrotryl
butoxidc aloDe

. kno\pn mechattisms of rcsistance to o.ganophosphatcs: phosphatasc, ethyl Slutathione transferasc,

monooxygpnage' ;1"-.',ffi-.ect""i"ns of rtsistaace to organophosphates : monoorygenase (difrereot from tbat io straio
ZSl,-irhyt-gluiaihione transferase and acetllchoiinesierase with decrcased s€Dsitivity to oreanophosphatcs
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NPC resembles other additives, notably $,S,^t-trihtyl-phosphorotrithioate in having
no effect on malathion resistance controlled by gene trl. (Sawicki)

Resistarce of hoasefries ro plnethro rs. The most important mechanism of resistance topyrethroids in houseflies is the knock-down resistance factor, kdr. It conveys cross-
resistance_ to a wide range of compounds including DDT ani uU pyr.tlroiA'r, *a-i,
unaffected by pretreatment with either the methyienedioxyphenyt 'synergists 

suctr as
sesamex or the phosphonate esters such as NIA i63gg. Cineticily ihe irechanism ii
recessive and has been located on chromosome III at approimately .10 units from the
marker, green eye. It has been isolated from strain NpR, which originaffy a"uei"[J
resistance to pyrethroids in the field in l95g in sweden when a -ixtu.i of natural
?rye_tt{ils a4 piperonyl butoxide (pylpb) was used following rhe failure of Opf. iince
1967,- NPR has been subjected to prolonged selection in tf,e laboratory with natural
pyrethrins, resulting in a level ofresistanceio the selecting agent ofgreateithan 300-ford,
and to bioresmethrin of 200-fold. These levels decrineJ ve-ry littlJ rvhen selection was
subsequently withdrawn. The mechanism &dr has also been ditected in 290 BIo, a strain
which. originally develop€d resistance to bioresmethrin in the field in Denmark when this
insecticide was used following the failure of dimethoate. Further selection in the labora-
tory with bioresmethrin increased this resistance to r00Gfold, but on removal ofselection
pressure it.fell back to approximately_250-Fold. In an attempt to mimic the develofmeJ
of field- resistance to pyrethroids in a dimethoate resistant stiain offlies in lhe tauo.'atory,
r,,-1:r 49 

lrb li: selected with pylpb giyingstrain49 ppB. Resisrance to the setecting ateii
developed rapidly for about ten generations, but then remained steady for a rurt-hei +o
generations in spite ofstrong selection p-ressure (approximately 90 % mortalit, at altemate
generations. The resistanc€ factors for naturii pyrethrins ani bioresmethrin were
approximately 10, but reached l20-for synergised natural pyrethrins. Cenetical anatysis
ofthis strain showed that k/r was absent, andlhat the main iesistance syste- was located
on chromosome II. This demonstrates firstly that pyrethroid resistance can develop with_
out_ kdr, although the levels of resistance ire less ipectacular than for strains with /rdr
such as NPR or 290 BIO; secondly that the previous history of pesticide usage influences
the mechanism tbat will be serected initially in the development of resistarice to a new
toxicant; and thirdly that well estabrished pyrethroid resistance systems such as those inNPR may become stabilised in a population by extensive selection pressure, even when
they are_genetically recessive, whereas newer systems such as those of 290 nfO a"V U"
less stable. (Farnham)

Orguophosplnns+esistaat aaet!,lclplincsteruse ia lousefies and cualc ricts. Furth€r
biochemical work was done on the less-sensitive acetylcholiiresterase which is an import-
ant cause of resistance in severar species. Bimolecuiar rate constants for inhibition Ly
mala-oxon oJthe enzyme from resistant and susceptible houseflies were compared. yaruei
of 950 x l0-3 I mol-l min-l for susceptible inseits and 41.9 x l0-3 I mol-r min-r for
the resistant strain were similar for acetyrchorinesterase from the head and from the
thorax' demonstrating that the resistant enzyme is present in both sources. Diferences
betwe€n resistant and susceptible forms were also similar for the naturally soluble fraction
(about 12 /.) and that solubilised by detergent.

. In an attempt-to identify further differences between resistant and susceptible enzymes,
they were examined 

-by.gel electrophoresis using a range of buffer systems and gei con-
centrations with and without incorporation of the detirgent .Trito; X_100, in 

-the 
gel.

Pretreatment of the enzyme with neuraminidase to remove any bound sialic acids iad
no etrect on electrophoretic mobilities. No differences between resistant and susceptible
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enzyme from either houseflies or cattle ticks could b detected by these etectrophofetic

methods.
The different molecular forms of acetylcholinesterase were resolved best by el€'ctro-

phoresis on polyacrylamide gradients between 4 and 261- Three molecular forms were

observed in boih resistant and susceptible houseflies and cattle ticks. Their molecular
weights were estimated by $adient gil electrophoresis. In the naturally soluble fraction

froir the housefly, formi io.t"tpooding to mol. wt. of approximately 8 x lOa and

1.5 x 10" were evident. A further baud with a mol. wt. oF about 5 x 105 was present

in enzyme extracted with Triton X-100. corresponding forms were obtained from cattle

ti"kr 6ut with mol. wt. of approximately 6 6 x 104, l'3 x 105 and 4 x 105' These

molecular rveights were confirmid by measuring the relative mobilities of the bands on

disc gels over a range of gel concentrations.
Th"ese results to[g..t ihut differences between resistant and susceptible forms of

acetylcholinesterase involve relatively subtle changes in the actiYe centre with little change

in the properties ofthe molecule as a whole. (Stokes and Devonshire)

Side efrects of pesticirles on bereffcial insects

PoisoDing of loneybees in the fuld. One hundred and thirty'flve samples of honeybe€s

thought tJ# poisoned were received from beekeepers via the Bee Advisory Service of
UeFn, wnicn atso collected evidence to indicate how poisoning had occurred' In about

two-thiids of the 105 cases where the presence of an insecticide or its efects were demon-

strated (86 in 1975 and 94 in 1974) the probable circumstances of the application were

identified.
The association between the increased area of oilseed rape and honeybee poisoning

was again apParent (24 samples, compared rvith 30 in l975.a,nd.l2 in 1974)' In ten

incideis Hitt (sHi), someiimes with an anticholinesterase insecticide, was implicated,

causing particuLrly hiavy casualties; the remaining incidents were ascribed to anti-

cholinisterase inse"ti"id".. We hu"" *operated with ADAS in planning field experiments

to seek insecticide treatments for this crop which are safer for honeybees than some of
those now widelY practised.

Thirty samplei were associated with cereal spraying (22 in 1975)' These poisonings

seem to occui mostly where bees are flying over a croP during or soon after treatment,

or when honeydew is being collected from aphids infesting the crop.
The forecasi of light ap=hid infestations on fleld beans proved correct' This, and the

smaller area of bean-s p.obubly account for the continuing lolYer incidence of poisoning

(7 samples, compared with 6 in 1975, 33 in 1974) associated with this crop'' 
The earliest casualties (4 samples) were caused by the use of carbaryl on lrars and

there is some evidenc€ to suggest that this chemical may become an increasing hazard in
orchard areas. (Stevenson and Smart)

Laboratory bioaswy of iasecticide toicir! ,o u aphid pansite' Knowledge of the

relative toxi;ities of different pesticides to natural enemies of pests is an essential com-
ponent of any approach to minimising harmful side effecls of pesticide treatmetrts' A
contact toxicity bioassay for adult Aphidius m^fficarius, a fragile parasite of Myzus

persicae, has therefore been devised. The principal problems were to lemove the insects

irom thiir cultures without damage and to maintain them in a healthy state for at least

24 h. A satisfactory handling and test procedure has now been evolved and will be used

to compare toxicities of commonly used aphicides.
Field work on the etrects of aphicide applications on aphid parasites and predators

continued. (Stevenson)
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Betrvloor of pesticirles in soll and conhol of soil-bone oryanisms. Knowledge of the
behaviour of pesticides in soil is required both to improve efficienry of utilisation and
devise more effective treatments for soil-borne pests and diseases, which are particularly
difrcult to control, and to minimise any adverse eflects of pesticides reaching the soil
adventitiously or by deliberate application. The Department continued a major pro-
gramme of fundamental work on behaviour in soil and on se€d treatments, and of prac-
tical studies on the control of soil-borne pests. Increased attention is being given to
control of slugs.

Fuadamcaal work on bchzviou ofpesticides ir roir. Investigations into the interactions
of p€sticides with soil have done much to charactErise adsorption mechanisms and
equilibria, and behaviour under carcfully controlled conditions. This has enabled broad
patterns of behaviour in the field to be explained and predicted. However, it has become
increasingly apparent that for more detailed understanding and prediction, it is necessary
to consider not only equilibrium properties, but also non-equilibrium factors such as
rates ofadsorption and the accessibility ofpores and surfaces in strustured soils. To assess
the magnitude of some of these factors, rates of adsorption and desorption of linuron by
different size fractions of intact natural soil aggregates were measured. Soil from fallow
land on Fosters field was separated into different aggregate sizes by sieving. To rninimise
disintegration, samples of aggregates were first wetted carefully with a fine Arnold spray
and linuron solutions then added very slowly. The solution was gently stirred and
amounts of linuron adsorbed determined from the change in solution concentration
after various time intervals. Rates ofadsorption for soil with an equilibrium distribution
coefficient (K6) of 2.97 were fastest for the l-3 mm aggregate size fraction (half time,
t*: 16 min) and slowest for the largest 7-9 mm fraction (t*:98min) compared
\vith t, < I min for a tumbled suspension of the same soil.

Rates of desorption were measured for soil with K6 for adsorption of 3.51. For the
l-2 mm fraction the half time for desorption was 26 min compared with 60 min for the
7-9 mm fraction. The time course of desorption for ttre 7-9 mm fraction gave evidence
of a twc.stage process with a change of slope when approximately half the herbicide had
been desorbed.

These resuhs indicate that rates of adsorption and desorption could have substantial
effects on movement of pesticides in structured soils. (Graham-Bryce and Nicholls)

Secd treane*. Work on factors other than adhesives influencing eflectiveness of
insecticide application to cereal seed continued.

The effects of duration of mixing were investigated by tumbling 40\ gamma-HCH
(gamma-BHc) powder (0.3 g) with lvheat seed (100 g) in glass jars at 90 rpm for vary-
ing periods. Treatments were assessed by the retention test described previously (Rotham-
sred Report lor l973,Part l, 177). Initial adherence, before the retention test, increased
from 50\ of the theoretical maximum after 15 s to 70-1001after 5 min and g0_lul:%
after 60 min. Amounts remaining on the seed after the retention test increased steeply
from 221of the maximum after 15 s mixing to lly" a:frer 2 min, followed by a more
gadual increase lo 90% tt 5 min and approaching lco\ aftet 30 min. The treated
seeds were examined by scanning electron microscopy which showed that the particles
of powder were increasingly impacted into ttre seed surface as mixing time increased.
Similar results were obtained nsim'g t 40%, isofenphos powder applied at four times the
rate of the gamma-HcH.

The etrects of particle size on adhesion were investigated using a formulation of
gamma-HcH and kaolinite each separated into different particle size fractions by mans
of an 'Alpine zig-zag classifier' kindly made available by the London School of Phar-
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macy. The fractionated insecticide and filler were mixed to give a series of 40 /" gamyta'

HCA mixtures with size ranges of <5, 5-10, 10-12, 20-50 and >50 g.m. The adhesion

and retention by wheat seed of each mixture, and of similar size ranges of undiluled
gamma-HCH were determined using the methods described above. With all particle

iizes retention increased with the duration of mixing. As expected, rvith undiluted
gamma-HCH retention after 2 min mixing decreased with increasing particle size from
i6 afi 75% with the <5 pm fraction for rates of 0'15 and 0'5 g insecticides per 100 g

seed to 64% ar,d 7O\ with the corresponding rates of the 20-50 pm fraction. With the

+01powdir, however, retention increased from 30f with the <5 pm fraction applied

atb:Jg per l00gseedto S}fifor the20-fi pm range and then decreased again to 32\
for the >50;rm particles. Percentage retention was signifrcantly less for all size fractions
at an application rate of 0'5 g per 100 g seed. The tendency for a maimum retention at
intermed-iate sizes between l0 and 50 pm was evident for all mixing times. The results

also show that the addition of a diluent powder siepificantly decreases retention'
Poor adhesion and retention were shown previously to be major shortcomings of

existing commercial powder seed treatments. These studies indicate several factors which

could be adjusted to optimise the efficiency of application. (Jeffs)

Fiehl tests of seed teatnants for confiolling wheat bulb fly. Further short row trials to
evaluate candidate insecticides on a peaty loam and a clay loam, during l97i-76, showed

that seed treatments with diflubenzuron, 'SAN 155' (5-dimethylamino-1,2,3-trithiane-
hydrogenoxalate) tazimcarb CPP 505) or the insect repellent 'GD 880' were relatively

ineffective at protecting wheat from attack by wheat bulb fly larvae. Of the synthetic

pyretkoids teited 'NnbC 149' (proposed common name cyp€rmelhrin), 'NRDC 16l'
(proposed common name decamethrin), 'WL 41706' (: 'S-3 206') afi'Wl- 4317 5' (: '5-5602

ploposed common name fenvalerate)', all significantly decreased the numbers of
ptuir" utt 

"teA 
by wheat bulb fly lawae but none was more effective than permethrin.

(Grimths and Scott)

Chcmi.a! contrcl o, shtgs h cereals. Damage to cereal seed by slugs is becoming atr

increasing problem particularly in direct drilled crops. Work has started to find a suilable
toxic or ieieltent chemical which can be applied as a seed treatment. A site for experi-

mentation has been reserved at Rothamsted with cultivation' crop sequenc€ and irrigation
designed to build up large numbers of slugs.

A-test for screening seed treatments in the laboratory has been developed in which a

single treated seed is placed on damp cotton wool in a glass tube. A slug (1. reticulatus)

preiiously starved foi tbree days, is put into the tube and observed for up to ning days.

it"ti-ini.y results have shown that s€€ds treated at the rate of 021 a.i. with tryo-
carboxime, methiocarb or pentachlorophenol, decreased feeding and killed over 501
slugs tested. Seeds treated with 0'2\ of ioxynil or 'SAN 155' failed to kill slugs but
drimatically decreased feeding. (Scott and Griffiths, with Slephenson, Entomology
Department)

CoDEol of teaf-cuftirg ants. Work on the development of more effective baits for use

against these important pests of C€ntral and South America continued, with support
from the Midstry of Overseas Development.

Derelopt ut l ol liqa l fornwlatioas for locally prodaced baits. The emulsion conceatrate
formulated at Rothamsted for addition to locally produced baits (,Rorrazsred Report lor
1975, Pafi l, 163) is being evaluated in several countries. Samples containing mirex as

toxicant have b€en requested from Cuba, Guyana and Paraguay for small-scale field
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trials. Mercabam _bait prepared from the conc€ntrate by workers in the Entomotogy
Division, Centro de Pesquisas do Cacau (CEpEC), killed o nly 3Ol of Arta sexdens rciis
in trials in Brazil. Greater efficacy against this species would havi been expectcd from
previous-results (Phillips, Etheridge aad Scott, Bullerin of Entomological Resiarch (1976),
66,.579-85) suggesting that the bait may not have been dried sufficiently before'appli-
cation.

Pict-up of paper discs impregnated with the emursion concantrate, but without insecti-
cide by three ant species was investigated by Dr. A. R. Jutsum (UCNW, Bangor). The
soya oil contained in the formulation was shown to attract ants tobait, optimuni pict_up
being obtained with concentrations of about 4t, confirming the composition pr&iorrly
chosen for all our field baits. Tests with several different matrilces also siowed that pick-ui
was most effective when the concentrate was diluted I : 8 (v/v) with water. This liei within
the dilution range used in our strongly sorbent vermiculite baits, giving further support
for the formulation specification recommended from our previous studies.

In further work this year, attempts have been made to find better emulsifiers which
will give more stable emulsions at smaller concentrations. Several good emulsifiers have
been found for insecticides which dissolve easily in soya oil, but benzene must be added
to dissolve mirex and different emulsifers are required for the soya oil-benzene solvent.
(Phillips, Etheridge and Martin)

of diferent baits in the fuld. With the help of workers from CEpEC,
further results have been obtained from field triars in Bah6, Brazil (Rorhamsted Repori
for 1975,Part 1,163) to evaluate the effectiveness of different baits against ,{ ua cephoires,
previously shown to be the most dilficult species to control. frest mortalities were
assessed three, six and nine months after baits were applied. Five insecticides in dried
ci11us pulp baits were each compared, using 15 replicati nests. Final mortalities were:
pirimiphos-methyl (microencapsulated; 36l.; fospirate 541; permethrin (micro_
encapsulated) 64f ; dioxathion 6l f ; mecarbam L%. The encaisulated permethrin
was applied at only 0'045 % in the bait compared with 0.3 f for fospilate and dioxathion.
Fospirate was also found to be an excellent fungal inhibiior. Thi permethrin formula-
tion th^us appears to have great poJential as a formicide against this intractable species
of leaf-cutting ant. (Phillips and Etheridge)

. WellynnS of bdit:. Samples of bait from the trials in Brazil containing five diferent
insecticides on dried _citrus pulp were allowed to weather in the field aid sampled at
intervals for analysis by gas-liquid chromatography. very little insecticide was lost after
o19 w1k of weathering at temperatures in the range l8_30.C when rainfall was negli-
gible. However, subsequent very heavy rain removed the propionic acid fungicide fr6m
the baits, leadingto rapid deterioration and dense fungal $owth on all samiles except
those containing fospirate. (Phillips, Etheridge and Uirtin)

Effects of imecticirtes on virus spreed and yiekl of field bems. Further collaborative work
9_n Jhi! lroject is described in the report of the plant pathology Department (p. 26g).
(Etheridge, with Cockbain and Bowen, Plant pathology Department)- ..

Chemicals influencing insect behgviour

Work continrred on a wide range of insect responses to behaviour - modifying chemicals
with 

-the_objective 
of developing improved methods of controlling pesta oa managing

beneficial insects. These studies require a multi-disciplinary approach and much oithi
work is done in association with the Entomology Department, a collaboration to which
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we attach much importanc€. These cotlaborative projects are described in thc report of
the Entomology Departmeot.

ElecEorntennogrrm studies with leaf-cottirg ants ,nt stored products P€sts. The appli-
cation of electioantennogram (EAG) techniques to the study of pheromones of leaf-

cutting ants and lepidopterous stored products p€sts was investigated by measuring

."rpoir"r of the ants atd of Yenturia ccmescens (Grav.), a hymenopteran parasite of
stored products I-epidoptera" to applied chemicals'

Extracts of the head, abdomen and thorax of virgin queen A$omyrmex octospinosus

(Reich) were presented in the vapour phase to antennae of l. ocro.tptzo${s worke$. The

iAG iesponses to the extracts or comPonents of extracts were significantly greater than
the EAG responses to air, water or solvent controls indicating that b€haviour-influencing
chemicals may be present in the extracts.

Similarly, EAG responses were obtained from antennae of lhe patasite Vmtur-ia

canescens iGnv -) 1o the pheromones of its host, Anagasta kuehniella (zeller) larvae. The
EAG response of both these insects is much smaller (<l mD than that normally

observed ]or Lepidoptera in response (up to 8 mD to their sex pheromones; also their
antennae are toughei than lepidopteran antennae and more dimcult to p€netrate directly
with glass electrodes so that somewhat different techniques to those normally employed

in EAG measurements are required.
To facilitate the identification of the larval pheromone of A. kueluiella by sPectro-

scopic methods, syntheses of model compounds similar to the pheromone were begun'

(Mudd)

Sex rthoctrnts for p€s moth. Further cotlaborative work is described in the report of the

Entomology Department (p. 125). (Greenway, with Wall, Entomology Department)

Det€c'tion of strrvrtiotr in horeybecs. Collaborative studies are described in the report of
the Eutomology Department (p. 133). (Greenway and Stevenson, with Simpson, Ento'
mology Department)

EquiPneot and techdques

trormulstion
Microencapsalatioa. kevious work concentrated on the production and evaluation

of dry free-flowing microcapsules of 200-500 pm diameter with gelatin/errm acacia/

carragheenan double walls made by a coacervation process, based on that developed by
the National Cash Register Co. However, very small (l-5 g.m diameter) plastic walled
microcapsules produced in the form of an aqueous slurry by interfacial polymerisation

condensition, based on methods used by Pennwalt Inc., offer potential advantages as

readily made agricultural sprays, and work is now proceeding with this process' Several

compounds have been successfully encapsulated, including permethrin for use in leaf-
cutting ant baits. When contacted by the leaf-cutting a,it Acromyrmex octospinosus in
laboratory tests, these permethrin formulations were completely without the immediate
toxic effect normally associated with this very potent inseaicide, demonstrating the
efficiency ofthe encapsulation pro@ss. (Etheridge, Phillips and Martin)

Bbd repellents.In collaboration with Drs. B. D. Smith and D. Kendall (Long Ashton
Research Station) investigation into methods of improving the persistence of bird
repellents applied to fruit trees and bushes, particularly against rainwashing, were started.

The efects of additives were investigated in a small field trial by comparing commer-
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cial 80 % wettable powder formulations of both thiram and anthraquinone with similar
formulations contaidtg 5% yly of either 'Acronal 4D' (a commerciil polybutyl acrylate
sticker manufactured by BASF Ltd.) or methyl dibutylamine stearate, synthesised by us.
Sprays containing 20 g litre-r of the bird repellent were applied in winter by knapiack
sprayer to plum trees, gooseberry and red currant bushes, ensuring good coverage of the
buds. Visual assessments a few months later showed that deposits from formulations
containing either 'Acronal 4D' or methyl dibutylamine stearate still remained, whereas
the normal wettable powder deposits had been washed otr by the winter rain. Despite
the greatly increased persistenc€ conferred by these additives, however, there werJ no
significant differences in levels of bird damage between treatments, including controls.
This emphasises the need for more effective repetlents than thiram and anthiaquinone.
(Phillips and Etheridge, with Dr. B. D. Smith and Dr. D. A. Kendall, Long Ashton
Research Station)

Insect neuroanatomicrl techniques: synthetic substitute for aged alcoholic Bouin fixative.
The study of the chemical changes brought about by ageing alcoholic Bouin fixative for
about 40 days at 60"C (Rothamsted Report for 1975,Part l, 166), which gives improved
preseryation of insect nerve tissue for staining by the Bodian silver method, continued.
Further analysis by gas chromatography gave the final p€rcentages of the volatile con-
stituents in the optimally aged solution as approximately: ethanol 35, diethoxymethane
15, formaldehyde 6, ethyl acetate 5, ac€tic acid 3.4 and methyl acetate 0.4; picric acid
(0.46 %) and water are also present. Histological tests of a mixture with this composition
freshly made from the individual reagents have so far lelded fixation indistinguishable
in quality from that given by optimally aged alcoholic Bouin. Further tests are in progress
to discoyer whether this synthetic substitute is fully as good as the normally aged fixative
and whether modification of the synthetic mixture will improve the quality of fxation
still further. (Gregory, Lord and Greenway)

Equipment for mass pollination of coconuts. Development of apparatus for extracting and
processing coconut pollen continued in collaboration with the Coconut Industry Board
of Jamaica and with support from the Ministry of Overseas Development.

Evaluation ofthe equipment developed during 1975 gave satisfactory results but showed
the need for apparatus that would strip the floners from the infloresc€nce stems. Based on
this study and field work in Jamaica an entirely new device incorporating a novel feed
system is being designed to strip and crack the male flowers. Preliminary tests have proved
encouraging; feed problems caused largely by the high sucrose content of the flower have
been almost entirely eliminated.

A liquid spray pollen applicator has also been developed, based on an atomiser
designed at Rothamsted. This unit enables a know:r volume of pollen suspension to be
sprayed so that a calculated number of pollen gains can be discharged over a given area.
Tests of performance in the field are nolv required to evaluate both the carrier liquid and
the mechanical design, (Arnold)

Pesticide spray'mg equipment. The electrostatic spraying system developed at Sheffield
University with support from NRDC (Rothansted Report for 1975, Pan 1, 167) was
evaluated in field Aiak with sugar beet.

Analysis by garliquid chromatography showed that the electrostatic system increased
the gross deposition of permethrin applied as water-based droplets (diameter <50 pm)
at ultra low volume by 55 {. Bioassay using aphids supported the chemical measurements.
Elecrostatic charging had no sigDificant effect on the distribution of the deposits: there
was no increase in deposition on the undersides of the leaves, possibly because of the
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broad leaf shape and the low profile of the sugar beet plants at the time of spraying.
(Arnold)

Ins€ct rearitrg. The following species were reared:

Homoptera

Hemiptcra

Coleoptela

OrthopGra

Diptera

lcyrrhosiphol pisum (l{afiis)
Aphb fabae @;)
Myzus pe6icae (Su[z.)

Srains. SusccDtible
Several orgaaophosphate'rrsistan

Megowa ticiae Btckt.
Dys&rcat irrre redius Distant

Plucdon cochleui@ (F.)

Blaberus discoitullt (L.\
Pedpl@Era a,rcricana (L.)

Droso?hila m.lar@gasret <Meia.)
Strains. Normal

v6tigial witrgs
Musca domtstica (L.\

Strains, A wild-type susccptible straio
*; ar: bib; oe;--<atreil 608, a multi'marker susceptible

strain.
SKA{iaziooa selected, very .Esistaot to maDy olSaro-

Dho6oborus iDs€cticides.
S€\eml'straitrs derived from SKA, each with ooe or more

factors of rEsistance to orgaDophodphorus ins€cticides
o! DDT.

S€veral stmios daivad from the dirDethoste Esistaot 49rtb
€ach with orc or more factoE of r€sistaoce to dimethoatc
and other orgatophosphorus iffecticidB.

+gppe, a su*'tra of- 49rrb deived by selectioo with
pyrcihrum exract and pipcronyl butoxid!.

2lioillo, a sub6traitr of the dimethoate/biorcsmethrin
rcsisd-ot 290rb derived by seleclioo with biorEsmethriD.

NPR-pyretbrum extract sel€cted strain-
sevrral-itrains dc.ived froE NPR each with oae or mol!

factors of rEsistalce to pylrbroids 8Dd DDT.
Several straios derivcd from ,0BIO each with ooc or morc

faclors of r6istarce to pycthroids aDd DDT.
Co iphota elythroephalo M.ig)
Dcll,. @tticua (M.iE")

loontrmc, oclorpiiorus (Reich)
.ltta cepholotei O)
lphtd .s narric0ioe Haliday
Vei t wia c@E s c e at (GtLv.)

PM.lla xylostclla O^')
Anqasta k aeMclla (Ze.llq\

Hylmop&r8

kpidoptm

Fungicides

Control of soil-borne rtiseascs by folier sprays. Work reported in the last few years has

established that the incidence of potato common scab, caused by soil-borne SrrePrarnlceJ
scabies, car, be decreased by foliar sprays of daminozide or ethionine. Further studies
this year were directed at discovering how these chemicals exert their action and investi
gating the effects of foliar sprays on other diseases caused by soil-bome organisms.

Laborolory stadir,s- 1z virro toxicities were measured against three isolates of S, scabies
on two media in 'poisoned agar' plate tests. In each test, 15 coloDy diameters were
measured after incubation for three weeks at 25"C. Tables 6 and 7 show weiglted
mean EC50s from two tests per chemical.
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TABLE 6
EC50s @pm) of quintozene, daninozide add Dl-ethionine against three

inlates of S. *:.bics on ty,o media
Czap€k-Dox agar pohto dextrose asar

Isolate
I
2
3

Quintozetp
20+5t0*t

@

Quiolozenc
14 +2
14+59+l

Damioozide Dl-€thiordne
,Oo+t 4+0.1tM +70 270 * 50560+20 3+ol

Daminozide Dl-€thionioc
2@+8 650+ t50
560 + 50 1000 + 520230+5 100+30

Table 6 compares daminozide and Dl-ethionine with quintozene, which is widely
used as a soil-treatment for scab control. The thrce isolaies differed greatly in their
susceptibility. Strain 3 was remarkably resistant to quintozene on Czapek-Dox agar,
and strain 2 was most resistant to daminozide and Dl-ethionine. There were also lirge
differences between the two media. Potato dextrose agar contains methionine, which';s
known to antagonise the action of ethionine on seyeral microorganisms, including S.
scabies, so that it is not surprising that DLethionine was less toxic on potato dext-rose
than on Czapek-Dox agar. By contrast, daminozide was more toxic on potato dextrose
agar.

The great variation in the EC50s of both daminozide and Dl-ethionine indicates that
(l) if they exert their effects by direct systemic fungicidal action, their effectiveness in the
field where different strains of .!. scaDres co-exist is likely to vary from soil to soil; and
(2) drawing conclusions from data on the amounts of tiese chjmicals found in potato
tubers (see below) requires caution.

TABLE 7
EC50s Qrym) of DL-, D- and Lethionine against three isolates of

S. scabies oz Czapek-Dox agar
Ethionine isomer

D.Isolate
I
2
3

38+e 200+tm 36+2260+{0 @ 130+ iO6+06 I8++ 5+0.6

In similar tests, Dl-ethionine was compared with the separate D- and L-isomers
against the same isolates of S. scabies. Table 7 shows that tht Lisomer was more toxic
than the D-isomer but that, as before, the absolute and relative toxicities of the isomers
varied amongst isolates.

The effects of daminozide and ethionine on respiration of S. scaDr'es were also measured.
Damino4de completely halted oxygen uptake at ll mM but ethionine increased oxygen
uptake slightly at con@ntrations above 5 mu. If the concentrations of ethionine'a'nd
daminozide found in tubers are used as a guide, it seems unlikely that their efects on
respiration could explain their activity against scab. (Bateman, Bunell and Mclntosh)

Gtotetft rcom tests. To help elucidate how the foliar treatments reduce the amount of
potato common scab, translocation of ethionine was studied by measuring its distri-
bution in the roots, tubers, stems and leaves after application as a foliar spray or as dis-
crete drops of I I solution to the leaves of potato plants (cv. Majestic) grown in controlled
environment rooms. The results (fable 8), taken from one of two experiments, indicate
that ethionine was translocated to the roots and tubers but that a large proportion of the
chemical applied failed to perctrate the leaf surface after two weeks. In addition the plants
treated with ethionine had an increased level of amino acids in the roots and stems. A
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comparison of the amounts of ethionine and of daminozide in the tubers (Rothornsted

Report for t975,Pafl l, 168-169) su8gests that ethionine accumulates in the tubers to a
greater €xtent than daminozide. (Bunell)

TABLE 8

Distribution of elhionine in the various Parts of potato Pla ts two weeks
after application as drops of I \ solution

weight of tbsuc (g) weight of ethiodirc 0rg)
Apex
Stem
I-raves
Root!
Tubers
Washed from leaves

before exfi'actio[
Total rccovered
Total applied

o.67
4.39

23-99
3-46

t2.96

0.0042
1.4755
7.Mtl
0.m65
0.0467

25.60

34.17
60.00

Glasshoase tests agaisst Potsto scab. Chemicals were applied as foliar sprays to young
potato plants (cv. Majestic) growing in pots containing scab-infected soil, and the inci-
dence of scab was measured at harvest. In the extremely hot weather last summer the
plants grew very badly, and the tubers were often only lightly scabbed; some tests had to
be abandoned, and many were inconclusive.

However, tests of daminozide analogues (Rothonsted Repo for 1974,PLn l, l53-154)
were completed; they confirmed that of nine analogues tested, only dimethylamino
maleamic icid (CO-ll) had an effect on scab comparable to that of daminozide.

Some tests were designed to detect movement of daminozide (a $owth retardant) into
soil from sprayed plants by measuring the effects on plant heiS}t. Two young plants were

srown in iach pot instead of the usual single plant, and one of each pair was sprayed

irittr t.Z'( daminozide solution. During spraying the second plant and the soil were

uery carefully shielded from spray solulion, and afterwards contact between the foliage
of ihe sprayed and the unsprayed plants was preYented by plastic she€ts. The roots were'

of courie, in close contact. Three weeks after spraying, the sprayed plants were almost

exactly half the height of unsprayed Plants in untreated pots, but the height of the

unspriyed plants in teated pots was unaffected- As growth of potato plants can be

retarded bt daminozide deliberately applied to soi[, and as daminozide is known to be

translocated from foliage into roots, the result suggests that little or no daminozide passes

into soil from roots or stolons. Its action on S. scaries may therefore be withiD the plant
rather than in the rhizosphere. (Mclntosh)

Glasshoase te$s against clabroot ofcabbage' Soil in which potted, three-week-old cabbage

plants were growing was inoculated with spores of Plasmodiophora brassicae, The leaves

were sprayed with solutions of experimental chemicals at various intervals from one week

before to four weeks after inoculation. Spray mixtures contained sumcient surfactant to
wet the leaves thoroughly, but the soil was protected from spray solution. Fresh wei8hts

of tops and clubs (five plants per treatment) were measured when the plants were about
ten weeks old.

Daminozide, rvhich decreases the incidence of potato scab as a foliar spray, had no
effect on clubroot. By contrast, the results of six tests with Dl-ethionine showed that,
although 0.5 % sprays applied before or up to ten days after inoculation had no effect,
sprays applied 2-4 weeks after inoculation decreased the weights of clubs. The weights
oftops were unaffected, but they sometimes became slightly chlorotic. Single sprays were
most efective when applied two or ttrreeweeks alter inoculation and, when up tothreesprays
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were applied, club weight decreased with increasing frequency of spraying. For example,
in one experiment the mean fresh weights (g) oftops and clubs were: from plants sprayed
three weeks after inoculation, 37.3 and 15.2; from plants sprayed two, thre€ and four weeks
after inoculation, 36.0 and 10.2; and from unsprayed plants, 31.8 and 22.5 (LSDs: I1.0
(P : 0.05) for tops, and 6.2 (P : 0.05) and 10.7 (P: 0.001) for clubs). Soil drenches
of Dl-ethionine before inoculation were ineffective against clubroot and damaged the
plants.

Thus, foliar sprays of Dl-ethionine, seem to have a downward-moving systemic action

^g"ilsl 
P . brassicae, similar to that against 

^S. 
scabies, provided they are applied 2-3 weeks

after inoculation when the clubs are beginning to grow rapidly. (Mclntosh, with Mac-
farlane, Plant Pathology Department)

Gltsshouse ,ests agsinst orher soil-borue diseases. As a result of improvements in
method, satisfactory pot experiments can now be done on control of scab on red beet,
caused by soil-borne Streptomyces spp. In one unconfirmed experiment, roots were
inoculated at the decortication stage, and the plants were sprayed I I days or one day before
or nine days after inoculation with three concentrations of daminozide or Dl-ethionine,
plus suitable wetter, the soil being protected from spray solution. Daminozide had no efect
on scab incidence, but Dl-ethionine, applied one day before inoculation, significantly
decreased scab to about half (0,51 spray) or one quarter (1.0"1) of the amount on
unsprayed plants.

The possibility of controlling violet root rot of carrots, caused by soil-borne .Flei'co-
basidium purpureum, was investigated in a similar experiment. Carrots growing in infected
soil were sprayed in August, or in July, August and September, with either I .0 f damino-
z.de or 0.21 Dl-ethionine, plus suitable wetter. However, it was clear that ihe sprays
did not decrease the amount of disease found at hawest in November; carrots from ill
treatments were s€verely infe.ted. (Mclntosh, with Adams and lapwood, plant pathology
Department, and Byford, Broom's Barn)

Contol of potato scab in the field. Daminozide and Dl-ethionine were again testcd for
scab control in a small field trial on potatoes (cv. Maris Piper) in Schoolfield, Wobum.
Each chemical was sprayed at two concentrations on each of three dates in late May and
early June, or on all three dates (Rothamsted Report Ior tgZS, part t, 170). In thC very
hot dry summer the tubers from the unsprayed plots were very badly scabbed. The effecti
of the treatments were generally similar to those in last year's trial in Great Hill Bottom,
Woburn; however, scab was not so well controlled, possibly because the strains of
S. scabies in Schoolfield are less susceptible. The most favourable time for application
was 7 June, when the haulms were just touching along the drills but only occasionally
acrossthem. (Mclntosh)

Furgicirlal setd treatuerts

Seed tteatmeat and soil-borne diseasa Previous experiments (Rothamsted Repo for
1975, Part l, l7l) showed that treating wheat seed with phenyl mercuric acetate could
partially protect the young shoot from invasionby Fusarium culmorum itinoqtlated soil.
In further experiments to examine the action of mercury fuugicides in more detail, inocu-
lation of untreated plants grown adjacent to treated plants gave no evidence for the
existence of an effective protective zone in the soil around the treated seed. Other inocu-
lations showed however that the aerial parts of shoot bases were protected by seed treat-
ment indicating either that fungicide was present in the shoot or that treatment induced
resistance in the shoot. In confast ethyl mercuric chloride, a more volatile fungicide,
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gave a more effective Protective zone in the soil but less effective protection of the aerial
part of the young shoot.

Fusarium culmorum was selected as a suitable pathogen for studies on the behaviour of
other fungicides applied as seed and soil treatments. Shoots of wheat se€dlings grown
from seed treated with a range of systemic and non-systemic fungicides were inoculated
12 or 28 days after planting. The performance of carbendazim-producing compounds
was of interest. Agaitrst the earlier inoculations effectiveness decreased in the order
benomyl,'NF48', carbendazim, thiophanate methyl. Carbendazim gave only moderate
control and thiophanate methyt was barely effective. 1z rirro tests against.lt culmorum
on agar plates showed carbendazim and benomyl to be Yery effective and thiophanate
methrl and'NF48'to be ineffective. These results can probably be explained in terms of
relative rates of release of carbendazim. Following application to seed, carb€ndazim itself
would be translocated rapidly to the leaf edges, outside the area of inoculation, while
thiophanate methyl is converted slowly in the plant or soil to carbendazim, its fungitoxic
product. Thiophanate methyl was more effective against the later shoot inoculations and

also against root inoculation, giving further evidence for retention in the root region with
a gadual release ofcarbendazim. Such behaviour suggests that thiophanate methyl could
be of value against more serious foot and root diseases, notably take-all, wbich have a

long period ofinfectivity in the field; this is being investigated in further studies. (Bateman)

Phytototic efiedr o!'NF48' seed trednents. Barley seed, cv' Sultan, infected with
loose smut, was treated in the laboratory 'Rotostat' machine with carbendazim, 'NF48'
and carboxin, for a field demonstration Plot' Although all fungicides were applied at
rates similar to those used in previous experimefis (Rothamsted Report Ior 1975, Paft l,
173), emergence from seed treated with'NF48' was poor. Unused seed was analysed for
fungicide, ind germination in soil determined in further laboratory tests. The analyses

showed that 'Rotostat' treatment resulted in a higter dose of fungicide on the seed than
previous methods of application which involved mixing seed with fungicide in rotatiog
or shaken containers. In all cases technical grade fungicide powder was applied after
pretreatin8 the seed with gum arabic sticker. Phltotoxic symptoms appear€d aJ doses

Letween 3i5 and 6'0 g kg-r depending on growing conditions. The phytotoxic eflect was

greatest in wet soil. (Nicholls and Bateman)

Relatioruhips amotg see&bone .]fiurgi. Some interactions of mixtures of micro-
organisms on wheat and barley seed at the germination stage were examined previously,

paiticularly in relation to the development of seedling disease by Fusarium nivale

iRothamstitt Reportfot l974,Part 1,156 andfor 1975,Pafi 1,172). Relationships durirg
ihe colonisation of seed after inoculating flowering ears of wheat have now been studied

in a glasshouse experiment. Agar plating of the ripened seed suggested that .E niyale and

saprophytic fungi (1{ lternaria, Cladosporium and Sporobolom;'ces) were mutually inhibit-
ing, tut ihe firsifungus to colonise the ear remained dominant. This effect was probably
infuenced, however, by the physiological state of the ear, early inoculations being more

successful than later inoculations made towards the end ofthe floweringperiod. (Bateman)

Mode of actioa o! pyrinilhe fuigicitbs.Hydroxypyrimidine fungicides act selectively on
mildews only. They inhibit appressorial formation and have other, smaller, effects on
later stages of development. Although mildews cannot, as yet, be grown in culture, somc
limited germ-tub€ gowth does occur ia vfuo, and this is also inhibited. In an attempt to
determioe the mode of action of this group of fungicides, the influence of various
metabolites on the fungitoxicity of ethirimol was studied using barley powdery mildew
(Eryiphe graninis f.sp. hordei)- The effecs of several purine and pyrimidine analogues,
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and of some uffelated inhibitors, on mildew were also examined to determine ifanv had
similar action to that of ethirimol. -

Although pyrimidine analogues (2-thiouracil, 6-azauracil, S-fluorouracil) inhibited
some stages of mildew development, they did not aflect appressorial formation. Pyrimi-
dines did not reverse the action of ethirimol, whereas adenine did to some extent. Several
adenine analogues inhibited both appressorial formation and groMh in itro (fable 9),
but had less pronounccd effects on subsequent disease development. Mildew strains less
susceptible to ethirimol were cross-tolerant to both kinetin and 6-(y,7-dimethylallyl-
amino)-purine. Ethirimol action was not reversed by guanine and 8-az:guanine was
inactive. Alt analogues were less active than ethirimol in these tests.

TATI,E 9
Efect of purine anologues on appressorial formation otd grovtth in vil.ro

rc*<,1!'ifi-r" EtB6ffiJ1nffi*;"
Dutrieot on which leaf seSmeDts
asar) werc floated)

Ethirimol
Gfurfurylaminopurine (kidetin)
6{y,y{imethylallylamino)purine
8-azaadeoine
6methylpuriDe
2-amho-6rnercaptopurine
Gmercaptopurine

0.02
3.92
l'51
2.@

30.90
57.5

184.1

u233
o37

lom
above 200

r 66.00
above 200
above 200

Inhibitors of purine biosynthesis (azaserine) and tetrahydrofolate-directed C-l transfer
reactions (trimethoprim, pyrimethamine, methotrexate) had no effect on mildew. The
effects of ethirimol were not antagonised by folate, N6-formyl tetrahydrofolate (teuco-
vorin), p-aminobenzoic acid, or metabolites expected to donate C-l units (methionine,
serine, choline). This suggests that although ethirimol may interfere with adenine metab-
olism, it is unlikely to act by inhibiting purine bioq,nthesis. Both cycloheximide and
griseofulvin affect appressorial formation and growth in ritro, but there is no cross-
tolerance in strains less sensitive to ethirimol. (Hollomon)

hsersitiyity to ethirimol. Twenty-five siDgle pustule isolates of barley powdery mildew
from winter and spring sown crops were bioassayed this year. Many were obtained by
selection but the range of ethirimol sensitivity was no greater than that encountered
previously. No strain was significantly less sensitive than that used as a standard insensi-
tive strain, which was originally isolated in 1973.

In laboratory experiments using detached leaves, all insensitive strains examined so far
have competed poorly with more sensitive ones in the absence of ethirimol. However,
insensitive strains were not eliminated and increased again in frequency when a selection
pressure, equivalent to the rate of ethirimol used commercially, was applied. When only
two strains are mixed, the one sensitiv€ to ethirimol may be lost at these levels ofselection,
and insensitivity does not then decline when the fungicide is removed. The extent to
which susceptibility may shift in these simple mixtures seems to depend on the magnitude
of the difference between the two strains used. In more complex mixtures using six strains
sensitivity fluctuated less, and strains of intermediate sensitivity dominated both in the
presence and absence of ethirimol.

In a field experiment, plots of barley (cv. Proctor) grown from seed treated with a
range of ethirimol rates up to four times that applied commercially were inoculated with
an ethirimol-sensitive strain of mildew. This strain did not infect treated plots but did
establish an early mildew epidemic on untreated plots. It was soon replaced, however, by
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the natural population which was less sensitive and which provided inoculum for all
treated plots. At first sensitivity was less on all treated plots than on untreated ones,

althoug} sensitivity was not related to the ethirimol level employed. Once the sensitive

straitr was displaced insensitivity increased on untreated plots and became uniform over

the whole experirnent. Neyertheless, control of early mildew was significant and yield
increases of the order of 20\ were recorded on the plots receiving four times the com-

mercial rate.
These results show that as the complexity of the mildew population increases, changes

in sensitivity in response to selection become less pronounced. Strains at either extreme
of the range of natural variation in ethirimol sensitiYity compete poorly in the natural
population, which is dominated by strains of intermediate sensitivity. Even at ethirimol
ievils fou. times the commercial rate insensitive strains lack fitness. Until such strains
acquire the nocessary fitness, sensitivity levels are likely to remain fairly stable rvithin
fieldpopulations. (Hollomon)

TIIE CIIEMICAL IIAI,SON UNIT

The Unit provides chemical support for rvork with crop protection chemicals by seYeral

departments at Rothamsted and various outside bodies. This involves both short investi-
gations, usually analyses ofinitial treatments such as seed dressings or of residues in soils

6r plants at hirvest, and longer studies of the behaviour of specific chemicals in soils

and crops.
The Unit also has its own programme on the factors governing the behaviour of

chemicals in soils and plants. There is much interest in systemic chemicals and we have

begun to investigate relationships between physical propenies and root uptake and trans-

location by plants.

Analytical techniques

Iileaifuaiot of bearin hole atd thiophaaate fungic les qrd rclated coq,ounds alet
thirlayer cfuomatogaphy. The work on thiophanate methyl residues described last year
(Rothonsted Report fot 1975, Paft l, l'17) was greatly facilitated by the use of specific

colour reagents sprayed on TLC plates for identifying the comPonents present in ex-
tracts. The reagents were vanadium pentoxide, Wood's reagent (bromophenol blue/
silver nitrate), If-l-naphthylethylenediamine dihydrochloride, and 2,6dichloro-p-benzo-
quinone4chlorimine. By eluting several spots of a mixture or soil extract and spraying

each chromatogram with a different reagent, it proved easy to distinguish among twenty
benzimidazoles and related compounds on the basis of their different colour reactions,
together with their mobilities on the TLC plate. (Austin, with Mutwakil and Davies).

Extruction attd clea*{p ol thiabettizule reidaes in soil Thiabendazole (TBZ) is finding
increasing use for the protection of potato tubers from fungal pathogens (Rothamsted

Repofi for 1975, Pzrt 1,2'11) and a method for determining thiabendazole residues in
soils was required. The method for analysing thiabendazole residues in plant material
was unsuitable for soils and the acetone/ammonium chloride extraction procedure for
the related benzimidazole carbendazim (Pesticide Science (1976),7,201) gave only 501
recovery of freshly-added thiabendazole from Woburn soils and 20f recovery from the
higlly organic Mepal soil.

A new extraction procedure using a mixture of ethanol, 2u-NHrCl adjusted to pH l0
with ammonia (sp. gr. 0.880) and chloroform in the ratio l:3:4 gave geater than
X)/o recovery of thiabendazole from Mepal soil. Much organic matter is also extracted
and extensive clean-up is needed for the analysis of thiabendazole concentrations less
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than 5 ppm. Preliminary results indicate that the thiab€ndazole is present in the chloro-
form layer which can be s€parated by centrifugation. The thiabendazole in an aliquot of
this layer, con@ntrated if necessary, is separated from soil organic material on i silica
gel column by elution with a mixture of acetic acid, hexane and isopropanol (l:8: ll),
the isopropanol containing I mg ml-r of ferric chloride to reduc€ movement of thia-
bendazole which is then eluted with ethanol/hexane (60: zl0) containing I f phos-
phoric acid. The eluate is colourless and thiabendazole can be determined by ultra-violet
spectrometry or fluorimetry. Work is in progress using metal ion impregnated silica gel
in an attempt to simplify clean-up. (Cayley, Davies, Lord and Nasim)

Behaviow of chemicals in soil

Adsorption of thiabendazole by soils.Thtabendazole is much more dimcult to extract from
soil than carbendazim, probably because it is more strongly adsorbed. Soil/water distri-
bution coefficients (Ko) of 15 * 3 and 130 ;[ 15 for soils from Woburn and Mepal
are considerably larger than those for carbendazim. Preliminary measurements indicate
that, as for carbendazim, K6 increases greatly as soil pH decreases because the thia-
bendazole cation is strongly adsorbed. Thus, treatment at pH l0 is necessary for efficient
extraction of thiabendazole residues from soil, as discussed above. (Camp, Cayley and
Lord)

Incorporution of ncmaticide gratules in o sair. Methods used to incorporate nematicide
granules in soil can influence both crop leld and nematode multiplication, and the
reasons for this have been investigated.

In trials on peaty loam soils at the Arthur Rickwood EHF, Mepal, rotavators (L-bladed
or spiked) incorporated granules to the working depth (usually 15-20 cm) whereas
harrows (rotary, reciprocating and spring-tined) gave a shallorver distribution generally
leaying most granules in the top 5 cm. Similar distributions were obtained in clay loam
and sandy loam soils in tests comparing the L-bladed rotayator and rotary harroyr'
(Roterra).

Control of potato cyst-n€matode (Globodera rostochiensis) by aldicarb or oxamyl in
the peaty loam soils in each of the years 1973-75 was better follolving incorporation by
rotavation than by harrowing, and use ofthe rotavators also gave more reliable increases
in potato yields. Horvever, in 1974 md 1975 ot a sandy loam soil at Woburn, tie method
of incorporation of aldicarb had little effect on control of potato cyst-nematode or on
tuber yield.

Thus the more reliable yield increases and nematode control achieved by nematicides
following incorporation by the rotavators can be attributed to the deeper distributions
ofgranules achieved by these implements. In soils oflow organic matter content, redistri-
bution of the chemical by leaching may compensate for shallow initial distribution. The
spiked rotavator was shown to be as effective as the L-bladed rotavator on peaty loam
soils and may prove useful on soils that are easily 'glazed' by the action of the L-bladed
rotavator. (Bromilow, Jabbar, Lord and Middleton, with Whitehead, Nematology
Department and Mr. J. Smith, ADAS)

Aldicrrb anil oxamyl residues in crops. Monitoring of nematicide residues in crops con-
tinued in 1976, and samples ofall potatoes grown at Woburn and onions at Rothamsted
treated with oximecarbamate nematicides were examined at the request of the Sub-
Committee for Agricultural Chemicals. Some peas were also analysed.

Oxamyl residues in peas and potatoes grown in soil having up to ll.2 kg a.i. ha-r
incorporated at planting did not exceed 0.014 pg g-r, a toxicologically insignificant level.
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Larger residues of aldicarb plus its sulphoxide and sulphone were detected; potatoes
grown in sandy loam soil treated with I I '2 kg aldicarb ha-r at planting contained up to
0.37 y.gg:t aldicarb residues at harvest. However, potatoes and winter onions grown in
soils treated with the commercial rates of aldicalb (3'36 and l'68 kg ha-r respectively)
contained less than 0'15 pg g-1 at harvest; human consumption of these crops would
result in the intake of at least 70 times less chemical than that ingested by rats at the
highest feeding level which produced no ill effects. As cooking reduces residues further,
for example, by 30-70\ in potatoes, residue levels in these crops grown in soil treated
with the recommended rates of aldicarb at planting are most unlikely to exce€d those
considered safe by the presently accepted standards. (Bromilow, Jabbar and Middleton)

Shorteniq of barley stems by chlormequrt chloride (CCC). Studies on the eflects of times
and methods of applying chlormequat to barley and wheat continued in glasshouse

experiments designed to clarify how these plants respond to the chemical. It was con-
firmed that soil treatment with chlormequat shortened barley stems only when applied
over a limited growth period (Rothamsted Report for 1975, Part l, 4l). Localised appli'
cation to leaves showed that doses of chlormequat that shortened main stems of barley
(5 mg per plant) tended to be more toxic, especially on tillers, than similar applications
to leaves of wheat.

In an attempt to elucidate why chlormequat shortens wheat stems more than barley,
main-stem ears were removed from within the flagJeaf sheath of chlormequat-treated
and untreated plants. Removing the ears shortened the main stem of v/heat, particularly
the upp€rmost internodes, but had little effect on barley as the main stem had by lhen
fiaished elongating. Chlormequat, which mainly shortens lower internodes, still affected
these earless stems, but as before shortened wheat more than barley.

Methods of separating chlormequat from choline chloride and other impurities and
possible metabolic products are under investigation. (Lord and Wheeler)

Uptake of pesticiile by phnts. Many pesticides including pre-emergenc€ herbicides and
systemic insecticides and fungicides are taken up by plants via roots or leaYes and then
translocated to the site where they exert their biological action. The early work of
Collander (Physiologia Plantarum (1954), 7,420) indicated that uptake of different
chemicals by plant cells increased with increasing diethyl ether/water partition coefficient.
Collander worked with compounds which were relatively polar compared with many
pesticides and other studies have suggested that there is an optimum lipophilicity for
passage across c€ll membranes. Octanol/water partition coefficients (P) provide a good
estimate of relative lipophilicity and our measured or calculated values for chemicals
having useful systemic activity mostly lie in the range log P - - I to +4.

Two series oflaC-labelled compounds, oximecarbamates (insecticides/nematicides) and
phenylureas (herbicide metabolites), were prepared with lipophilicity spanning this
range. The oximecarbamates were synthesid by reaction of the oxime precursor with
rqC-methyl isocyanate generated by the reaction of laC-methylamine hydrochloride with
lf,l{'-carbonyl di-imidazole. The phenyl ureas were prepared from reaction of substi-
tuted anilines with potassium laC-cyanate in aqueous acetic acid solution.

Uptake of these compounds from nutrient solution by 9-day-old barley plants was
measured. Accumulation in the roots increased with increasing lipophilicity. The most
lipophilic compounds reached conc€ntrations in the roots up to l0 times that of the
external solution. As they were sorbed equally strongly by macerated root tissue, the
predominant process appears to be partition into lipids in or on the root.

Translocation, expressed as the transpiration stream concentration factor TSCF (con-
centration in transpiration stream divided by conc€ntration in the external solution), was
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generally greater for the oximecarbamates than for the ureas of similar lipophilicity but
a similar paltern of uptake was found for both series. The TSCF increased sharply ibove
log P: -0.5 to a broad optimum at about log P: 2 followed by a sharp 

-decline

abovelogP:3.
There are no comparable published results for series of compounds but the TSCFs of

individual compounds taken from the literature fit into this general picture well. Lipo-
philicity is much more important than water solubility in determining translocatiron,
oxamyl (TSCF 0.2, 6"1 soluble in water) being translocated much less effectively than
other chemicals with appropriate lipophilicity but with water sotubility 1000 timis less.

Published work shows that the TSCF for uptake ofa chemical from soil solution is the
same as that in nutrient solution. However, not all the chemical applied to soil is in
solution because of adsorption on to the solid phase. Adsorption increases, and hence
soil solution concentration from a given rate of application decreases, as log p increases
so that the optimum log P for root uptake from soil (estimated as 0.7) is smaler than that
from nutrient solution. (Briggs, Bromilow, Edmondson and Johnston)

Prediction of relatiye soil rctiyity. The results of the uptake experiments described in the
preceding section may be related to attempts some years ago to predict relative soil
activity of urea herbicides. The assumption made, and now supported by the uptake
experiments, was that the amount of chemical reaching a plant irom a soil application
is inversely proportional to the logarithm of the soil organiCmatter/water distriUution q.
From adsorption measurements with several ring-substituted N,N-dimethyl-N,-phenyl
ureas it was found ttrat log Q could be related to the Hammett sigma constant and
Hansch pi constant for the substituent by the equation

logQ:1'29"10'l,'+ l'I
For a similar group of ureas activity as inhibitors of the Hill reaction can be corelated
w_ith the. same_ two constants (Hansch & Deutsch, Biochimica et Biophysica Acta (1976),
112,381) by the equation

log l/C : 0.544o * 1.29t + 4.tB

where C is the concentration for 50 % inhibition.
. Relative aaivity by soil application is a function of the activity of the herbicide and
its availability. An estimate of this is given by log(l/C)/log e.
- 
A computer programme was written (Ashworth, Chemistry Department) to calculate

this ratio for all possible compounds (about 1300) formed by anyiombinjtion in the 3,
4-, and 5 positions. of the ring of l0 substituents wittr known pi and sigma values. Despite
the. assumptions in the treatment, the highest 100 values printed out by the mmputer
include most of the compounds of this class, or obvious relatives, introduced commer-
cially since this work was done (1969). Similar exercises using published data for other
herbicides and systemic fungicides also indicate those with griatest activity following
soilapplication. (Briggs)

Chemicrl refercnce dots, In the third crop of spring barley yields were lower (mean
3.96 t ha-l) than in the two previous years. Some of this decrease in yield was probably
due to the exceptionally dry season. The nitrogen fertiliser was applied to the soil surface
and remained there throughout the seasoa, an effect observed in other experiments this
year, and the crop was noticeably deficient in nitrogen. Aldicarb again increased yields
by about l0 f and controlled aphids well. Chlortoluron did not decrease yield in contrast
to the wetter season in 1974 when it decreased yields by about l0%. 
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Collaborative wor} described in tte reporE of other DePrrtE€nts

With the Pla Pathology Deport rreat. PreYention of moulding in damp hay (Lord,
with Lacey). Uptake and distribution of thiabendazole in potatoes (Cayley and Lord,
with Hide). Treatment of ware tubers (Austin, Cayley, Davies and Lord, with Hide).

With the Chemistry Department. Nitrification inhibitors (Briggs and Evans, with
Ashworth).

With thc Field Expcrimcnts Section, Uptake of aldicarb by field beans (Briggs, Bromi-
low and Jabbar).

With the Nenulobgt Departmenl. Control of the pea cyst-nematode (Bromilow and
Middleton. with Whitehead).

Stafr

(Deprrtment flrd the Chemical Liaison UniQ

It was with very great pleasure that we learnt during the year that Rothamsted had won
a Queen's Award to Industry for the Department's work on highly actiYe safe insecti-

cidis. We also took very great pride in the presentation to M' Elliott of the American
Chemical Society's Burdick and Jackson International Award for Research in Pesticide

Chemistry. Later in the year his outstanding contribution to research on pyrethoid
insecticides received further recognition with his appointment as the Holroyd Memorial
Lecturer of the Society of Chemical Industry.

I. J. Graham-Bryce was appointed a Visiting Professor in the Department of zoology
and Applied Entomology, Imperial College, London. J. A. Pickett, previously with the

Brewing Research Foundation, was appointed to a new post in th€ Department to lead

and coordinate chemical work on substances influencing pest behaviour. D' J- Austin
left the Chemical Liaison Unit to become Head of the Plant Protective Chemistry
Section, East Malling Research Station. G. R. Cayley was appointed in his place.

N. Walker was transierred from the Soil Microbiology Department to the Chemical

Liaison Unit. M. M. Bunell joined the Department on a Srant provided by the Potato
Marketing Board to study the rnode of action and translocation of chemicals controlling
tuber diseases of potatoes when applied to the foliage. R. Botham hasjoined lhe Peryrt:
ment on secondment from Wellcome, Berkhamsted Ltd., to study neurophysiological
action of insecticides using electron microscopy techniques. Dr. D. M. Soderlund,
formerly of the Department of Entomological Sciences, University of California,
Berkeley was awarded a Rockefeller Foundation Fellowship to work in the Department
on pyrethroid insecticides. Mrs. Pauline Damant was appointed as personal secretary
when Mrs. Wyn Parker became the Director's personal secretary.

Miss N. Khan and Mr. A. I. Nasim from the Federal Pesticide Isboratory' Pakistan
and Mrs. G. dnal from the Turkish Atomic Energy Commission came as visiting workers
to the Chemical Liaison Unit. R. Stokes, J. Gibson and M. Inwood worked as post-
graduate students in the Department under the CASE scheme. Sandwich course students
who worked in the Department or the Chemicat Liaison Unit were C. Caligari, A. Camp,
D. Clarke, R. Edmonson, F. Gudyanga, B. Heck, Catharine Ingham, Margaret John-
ston, C. Lazarides, Carol Livesey, Padzilah Othmon and A. Plant'

M. Elliott delivered an address to the American Chemical Society in San Francisco
on the occasion of the Burdick and Jackson Award presentation. N. F. Janes also
contributed to a symposium on pyrethroid insecticides arranged in association with the

186

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-1-133 pp 30

INSECTICIDES AND FUNGICIDES DEPARTMENT

presentation. With financial support from NRDC visits were made to companies in the
USA concerned with the commercial development of pyrethroids discovered at Rotham-
sted. M. Elliott also presented invited papers to the Third Pest Control Conference in
Cairo and at a study week organised by the Academia Pontificia Scientiarum, Vatican
City, Rome. In addition he was appointed vice-President of CILDA (Comit6 pour les
Applications des Insecticides dans les locaux et la Protection des Denr6es Alimentaites)
and presented a paper to its meeting in Paris. Both he and R. M. Sawicki were invited
to contribute papers to the XV International Congress of Entomology in Washington.
R. M. Sawicki also acted as convenor of a session on resistance to insecticides. K. A.
Lord made a short visit to the Biological Institute, Sao Paulo, Brazil, as a preliminary
to a six-month period of secondment. I. J. Graham-Bryce pres€nted an invited keynote
lecture to the meeting of the International Soil Science Society on Agrochemicals in
Soils, in Jerusalem. He was also invited to contribute papers to the Annual Meeting of
the Society of Chemical Industry in Stirling and to the Meeting ofthe Royal Society on
Managing Agricultural Inputs.
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