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INSECTICIDES AND
FUNGICIDES DEPARTMENT

R. K. Callow and D. H. Calam were appointed to work on insect phero-
mones, and D. W. Eveling left. I. F. Henderson and E. S. El Basheir
Mohammed obtained the Ph.D. degree of London University.

Physiological work on how organophosphorus insecticides act, showed
that the symptoms ofpoisoning in the whole insect are correlated with loss
of function and inhibition of cholinesterase in specific regions of the
insect's nervous system. In other regions of the system death was not
associated with loss of function.

Resistance to diazinon seems unlikely to be because this substance is
metabolised faster, but what seems important is the increased metabolism
of diazoxon, the potent anticholinesterase to which diazinon is converted
iD the insect.

The use of organophosphorus insecticides produces resistance to DDT
in insects never exposed to this organochlorine compound. The major
cause of DDT resistance in such strains differs from that in DDT selected
strains. Resistance to DDT and organophosphorus insecticides by organo-
phosphorus-selected strains has probably one common factor. This work
suggests that where organophosphorus insecticides have produced resist_
ance, organochlorine compounds may not be effective altematives. This
emphasises the need for effective insecticides of different chemical con-
stitution 1nd giv€s added importance to our work on synthetic p}'l.e-
throids. The National Research Development Corporation has proticted
the work done by patent applications and is making arrangements for
commercial development of them in this country and abroad.

Work on insect pheromones is as yet largely confined to bees, but will
be extended to those affecting the behaviour of other insects to see whethet
the knowledge gained can be applied in pest control.

Work in collaboration with the National Agricultural Advisory Service
to find substitutes for the persistent organochlorine compounds to control
wheat-bulb fly progressed well- Two compounds gave results comoarable
to dieldrin, and a third seems equally promising- The search for subititutes
to control wireworm has been less successful, but laboratory tests have
selected some compounds worth further study.

During the course of work on the chemical control of wheat-bulb fly
considerable variation was found in the amount of chemical on dressed
seeds. This may account for failures in control previously attributed to
other causes, and vr'e are attempting to develop tecbriques that will ensure
reproducible, uniform seed dressings.

An objection to using insecticides to control black aphis on field beans,
which we previously showed could greatly increase yields, was that under
some conditions bees would be killed, and our examination of dead bees
sent to the Mitristry of Agriculture indicates that this is the largest single
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cause of bee poisoning. Collaborative work with the Bee Department
shows that ifgranules of systemic organophosphorus insecticides are used,

instead of sprays, bees are not harmed.

Insecticides

Poisoniry by orgmophosPhorus comlnulds and the causes of resistence

Sorprton of insecticides by iasect tis*es. To fitrd the proportion of the

total amount of poison applied to ins€cts that fails to reach its site of
action, its sorption by insect tissues was studied.

(a) Conditions of wtption ol ditzirott. The sorption and desorption of
diazinon in aqueous conditions by macerated evisc€rated abdomens of
female flies was examined using 1'C labelled diazinon. Ten eviscerated

abdomens, dry weight about l0 mg, absorb about half the diazinon from
I ml aqueous solution, indicating a distribution coefrcient of about
100 : 1 in favour of eviscerated aMomens. The distribution is independent

of the conc€ntration of diazinon in the aqueous medium. The amount
sorbed after 24 hours was the same as after 15 minutes, indicating a rapid
equilibration. Desorption was equally rapid. The distribution coemcient
was similar for both sorption and desorption, indicating that the process

is completely reversible.
The imount of diazinon sorbed was not affected by washing the insect

cuticle with cyclohexane, suggesting that cuticle waxes are not important
in the sorption process'

(b') Sorption o! diazoxon. The uptake of diazoxon by fly tissues was

examined because diazinon is strongly sorM and because it is the anti-
cholinesterase compound formed from diazinon, so that its sorption
would be expected to affect toxicity more than sorption of diazinon. The
orocedures used differed from those with diazinon, because radioactive
di-o*o, *ur not available aod new apparatus made it possible to assay

diazoxon by gas chromatograPhy.
Whole flies were ground with 0'05M-Tris buffer pH 7'0. To test for

sorption the solids were separated by centrifugation and resuspended in
bulier conlaining diazoxon. The solids were then separated from the
aqueous solution by centrifugation. To test for desorption, these solids

wire suspended once more in Tris buffer and again separated by centri-
fugation, when the amount of insecticide extracted was assayed.

The buffer solutions separated from the flies' tissues were shaken with
an equal volume of methyl isobutyl ketone, which quantitatively extracted

the diazoxon, which was then assayed by gas chromatography using a

5-ft x +in. column of 5 f SE30 on chromosorb W at 200" C and nitrogen
as carilr gas and a phosphorus detector. The ffy tissues sorb diazoxon,
although liss than diazinon. The hsoluble materials from 20 flies sorb

about one-ttrird of the diazoxon from 1 ml of solution in Tris buffer pH
7.0 containing amounts of diazoxon ranging from 10 to 1,000 pg. With
smaller amounts of diazoxon a larger proportion seems to be sorbed by
tissues, so greater sorption may be expocted at the concentrations at which
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diazoxon is effective as an inhibitor of cholinesterase (10-8M:0.003
pg/ml and less). Diazoxon, like diazinon, is rapidly sorbed by fly tissues,
and the amount sorbed did not change significantly with time from 2 to 45
minutes, Longer times were not examined because diazoxon decomposes
slowly in aqueous solution. Diazoxon, like diazinon, seems to be desorH
from tissues when they are resuspended in buffer which does not contain
i nsecticide.

When insects are poisoned by diazinon some diazoxon is formed, so
there is need to know how sorption of one is affected by the presence of
the other, especially diazoxon by diazinon. In the concentration ranges
10-100 pg/ml diazoxon and 3-30 pg/ml diazinon, which are greater than
thosc in poisoned insects, no interaction between the sorption of the two
insecticides were observed, and at smaller concentrations, the presenc€ of
one compound is even less likely to affect the sorption ofthe other. (Lord)

Deconpocition of diazoxon It seems unlikely that decomposition of
diazinon is an important cause of resistance in our SKA strain of housefly
(Musca domestica), because only a small proportion is metabolised in
either the SKA or susceptible strain. Diazoxon, the oxygen analogue of
diazinon, is formed in small quantities in tissues, and the rate it is formed
and destroyed seems more likely to affect resistance, because, unlike
diazinon, it is a potent cholinesterase inhibitor. The rate insecticides pene-
trate into different strains of houseflies is likely to differ and to make
decomposition studies of diazoxon difficult to interpret. To avoid these
uncertainties, decomposition was studied in suspensions of macerated
flies, and the amount of diazoxon remaining unchanged was determined
by the cholinesterase inhibition method described by van Asperen, Mazijk
and Oppenoorth (Entomologia exp. appl. (1965), 8, 163). Flies of the
susceptible straitr did not decompose diazoxon, but the SKA strain de-
composed about 0'035 pg diazoxon per fly per hour at 25'C. Decom-
positiotr was Dot afected by the concentration of diazoxon over a more
than ten-fold range. Ability to decompose diazoxon seems to be an im-
portant cause of resistance, because the amount decomposed in an hour is
similar to the dose that kills either resistant or susceptible houseflies when
iniected. (Lord and Gwiazda)

Dominant factors rcsponsible for resista&e to .lirrdnon in tte SKA shain of
houseflies The two dominant factors of resistance to diazinon in the
SKA strain were separated and each inbred independendy into diferent
strains of houseflies, using techniques described previously (Rothatnsted
Report for 1965, p. 155). These incompletely dominant factors (Iable 1)
are Dzn on the Minkage factor, and gene a (low-aliesterase) otr the V
linkage group. A third factor, a recessive that confers only slight resistance
(R.F. c.4) was provisionally allocated to the II linkage group.

The separated dominant factors give a similar and rather slight resist-
aace to diazinon (fable l) and very little resistatrce to diazoxon (e. x 3_5),
but differ in their response to diazinon in the presence of sesamex. Sesamex
almost eliminates resistance to diazinon and diazoxon in strains with Dz.
only, but increases resistance to diazinon by a factor of x 2, and has no
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TABLE 1

Results of bio-assays vith diazinon on parenls and proge ies of flies of the
ocra; ar SRS x SKA cross (dose in sglfiy)

fErr r.Es M^L!s
R.8Bion R.rr.ssion

Srr N <lutioo. LD5O i S.E. R.F. cquation. LD50 + S.E. R.F
sKA -23.?8 + 5.73 t.t.l!+074 336 -25.2A + G76 5.5O +V3t 201
Suk.DtibL lcdv.

butant.rEio (SRS) -1.91 + 492 0.042 + 0.00062 - -8.21 + 5-7,t 0.027 * O{q)5,1 -Fl (sKA \ @a';4r
SRS, -15.6!+4.90 158 +0.31 18 -13.91 + 4.95 0.55 +0.15 21

@a pro8Eny of 6 Pl
SRS)Xg cu; ar
SRS -9.27 + 3.42 O.5l + 0.0:tl 12 -11.25 + 1{5 0.3! + 0{26 13

ar prosmy of d Fl
(SKA. @'ai uSRS'r!&.a:@
sRs -12.63 + 4.96 0.36 * 0{24 9 -lo.9l + 4.47 0.28 +0.02r l0

ocrc; a+ -1302+470 0.59 + 0.0099 l.l -1375+5.€ 032 +00063 12
dt; Dz.+ -lO'78 + 3.92 0.53 +OOr3 13 -11.62 + 4.5,1 036 +000E2 l,

. In Nomal E4uival6t D.viat .. t o.rtsr..6sivc mut nt m lV li.hic srorrp.i Wdrhql tlEr rEdr of .cr.r.l 1.st5. r rrc.casivc mut tr( on V hf.s. aroup.

effect on diazoxon in strains with gene a only. tY-propyl paraoxon and
S-S-S-tri-butyl-phosphorotrithioate, both aliesterase inhibitors, synergised
diaz inon against susceptible, Dz. and gene a strains almost equally, show-
ing that these synergists are not specific inhibitors for diazinon "phos-
phatase".

The cross-over rate of the visible recessive mutant ocra (Minkage
group) and Dza is between 30 afi 4O"/".

Genetics of r€sistrDcc to DDI iD Sf,A flics. Most organophosphorus-
resistant strains, including SKA, are very resistart to chlorinated in-
secticides, especially DDT. The reason for SKA flies retaining DDT
resistance while exposed to diazinon only for 9 years was determined.

There are three factors for resistance to DDT in SKA flies-two
dominants, viz. DDT-ase (V linkage group), a factor on tbe IV linkage
group, synergised by sesamex and identical to the factor described by
Oppenoorth (1965), and a recessive, probably on the II linloge goup,
The location of the factors for resistance to both insecticides on tle same
linkage groups, and the likelihood that the factor on the IV and II linkage
are common to both DDT and diazinon explains why selection with
diazinon has maintained the resistance of SI(A flies to DDT. DDT-ase is
present in only about l5% ofSKA flies. Most ofthe resistance to DDT is
caused by the factor on the IV linkage group. (Sawicki and Famham)

Inhibition of cholinest€rase s l loss of function in the nervous system of the
American cockroech Peiplaneta americsna poisoned by diazoxon. The
condition of the central nervous system in cockroaches poisoned with
diazoxon was examined further. The LD90 to adult male P. americana rxas

determined by topical application. Six pg diazoxon were applied in acetone,
either to the abdomen or metathorax of the insects, and they were ex-
amined 0.!-24 hours later for cholilesterase inhibition and abnormal
function in the sixth aMominal and metathoracic ganglia. Function in the
nerve cords was examined electrophysiologically and related to the stage
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of poisoning shown by the insect. Cholinesterase inhibition in the same
cords was later examined histochemically as describ€d it Rothamsted
Report for 1965, p. 160. In the sixth abdominal ganglion, nerve conduc-
tion from afferent components of the cercal nerve to the ascending giant
fibres was examined, and in the metathoracic ganglion, conduction in the
ascending giant fibre pathways. The eflects of diazoxon on nerve conduc-
tion in these pathways resemble its effects on conduction in the cercal
nerve-giant fibre pathways in the sixth abdominal ganglion, where it is
assumed to affe{t the synapses. However, like Roeder and later workers,
we have so far failed to demonstrate synapses histologically in ascending
giant fibres traversing metathoracic ganglia.

Cockroaches first showed symptoms of poisoning about I hour after
dosing on the thorax, and after 2 hours when dosed on the abdomen. All
became badly affected l-2 hours after first showing symptoms, and pro-
strate in 2-4 hours. None recovered after reaching this stage. Abnormal
function occurred sooner in both the sixth abdominal and metathoracic
ganglia when the diazoxon was applied near to them, though symptoms
always showed first in the metathoracic ganglion, presumably because, as

shown by rr virro exp€riments, this is about three times more susceptible to
diazoxon than the sixth abdominal ganglion.

Metathoracic ganglia in severely affected insects always showed symp-
toms of poisoning and did not tend to recover normal function, even 24
hours after treatment- Symptoms in sixth abdominal ganglia were most
seyere about 7.5 hours after treatment at either site, and then moderated,
even in prostrate insects. After 24 hours function was nearly or quite
normal. Functionally, the condition of the whole insect corresponded
more closely to that of the metathoracic ganglion than to the condition of
the sixth abdominal ganglion, irrespective of where diazoxon was applied.

Cholinesterase activity in the nerve cords of treated insects decreased
steadily to the level in ganglia teated directly with diazoxon until
conduction was just blocked, but rarely became less, even in moribund
insects. The recovery of function in sixth abdominal ganglia was not ac-
companied by a corresponding recovery of cholinesterase activity' The
nerve cord in a recovered insect functioned almost normally, though its
cholinesterase activity was less than normal.

Thus poisoning of cockroaches by diazoxon seems closely associated
with cholinesterase inhibition in specific areas, whether or not the inhi-
bition causes death, and the association of functional impairment and
cholinesterase inhibition in metathoracic ganglia with death suggests a

causal relationship.
By comparing the time taken to block conduction in the metathoracic or

sixth abdominal ganglia of insects treated with diazoxon rr ?ivo with the
times taken by known concentrations of diazoxon to block conduction rr
yirro the probable concentration of diazoxon in contact with the nerYe
cord in an insect treated with the LD90 (6 pg) of this compound was cal-
culated to be between 10-5 and l0-6M. (Burt and Gregory)

Penetration of acetyl choline into nerve cord of Periplaneta ameicans.
Apparent discrepancies between thereported rates acetyl-choline penetrates
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into the central nervous systems of the cockroach, P. americatw, and the
housefly, Mrsca domestica, suggested that the nerve tissues of the two
species might differ in their permeability to acetylcholine. Such a difference
would be very significant in the study of nerve physiology and might affect
the action of drugs on insect nervous systems. To find the reason for the
discrepancies, the hydrolysis of acetylcholine and acetylthiocholine by
cholinesterase in cockroach ventral nerve cords was examined biochemi
cally and histochemically, and used to indicate the penetration of the
substrates into the nervous system.

Biochemical measurements of the rate acetylcholine penetrated agreed
well with receDt estimates by workers using a radioactive tracer method,
but indicated a barier to free penefation that is remoyed by treating nerve
cords with acetone; speedier entry after the treatment is shown by an in-
crease of five to ten times in the rate acetylcholine is hydrolysed within the
nerve cord. Treatment wittr acetone also removed a barier to the p€ne-
tration of acetylthiocholine. Histochemical tests showed that the free
entry of acetylthiocholine into ganglia of nerve cords is probably pre-
vented by the glial cell layer. They also indicated that the faster hydrolysis
of acetylcholine after the connective tissue sheath of the nerve cord was
removed probably reflected mechanical damage making small nerves and
the superficial cells of the coDnectives between ganglia p€rmeable to
acetylcholine. After treating ganglia with acetone, acetylthiocholine
reaches the central neuropile but trrnetrates it for only a short distance,
probably because it is decomposed by the abundant cholinesterase in this
region- (Lord, Gregory and Burt)

Action of synergists on the nervous system oI Periplancta a ericqno. The
unexpected action of SKF-525-A (pdiethylaminoethyl diphenyl propyl
acetate) on the nervous systems of cockroaches (Rothamsted Report for
1965, p. 161) suggested that synergists, most of which, like SKF-525-A,
are thought to act only on systems that metabolise toxicants within insects,
might also atrect insect nerve tissues directly, or might exert some of their
synergistic effects at the site of action of the toxicant, which for most
insecticides is probably the nervous system. Piperonyl butoxide and WARF
(N,N-di-z-butyl-p-chlorobenzenesulphonamide), Sesamex (2-(3,21-.methy-
lenedioxyphenoxy)-3,6,0-trioxaundecane), which synergises DDT when
used against resistant strains, were tested for action on the cockroach ner-
yous system. Piperonyl butoxide acts like SKF-525-A; it gradually blocks
conduction (though this effect can be temporarily relieved by increasing the
stimulus voltage) and slowly suppresses spontaneous activity, but it is less
active than SKF-525-A against axonic conduction. It causes "after-dis-
charge" at an early stage ofpoisoning, and its effects are less easily reversed
by irigation with saline. Treatment with a 10 aM solution in saline for
350-500 minutes sometimes failed to block conduction in cercal nerve and
in giant fibres of the abdominal cord, but in sixth abdominal ganglia
l0-sMproduced symptoms and 10rM blocked conduction within 100-125
minutes. Metathoracic ganglia were not much atrected by 10-aM.

Sesamex seems only about one-tenth as active as piperonyl butoxide,
but acts similarly. Even at lo{rl1 it sometimes failed to block conduction
t66
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in axons, but in sixth abdominal ganglia l0aM caused after-discharge and
bursts ofimpulses leading soon to decreased excitability and to conduction-
block after very long exposures (2100 minutes). At l0 3M it blocked con-
duction in two sixth abdominal ganglia in 34 and 50 minutes. However, its
effects were quickly reversed by saline irrigation.

WARF had no effect on cercal nerve, giant fibres or sixih abdominal
ganglia at 104M, the largest concentration that could be dissolved in
saline.

Of these three compounds, clearly WARF is unlikely to have any
direct action on nerve conduction in yiyo. Sesamex seems unlikely to reach
a concentration of lo-'M near the nervous system of an insect after
topical application at conventional rates, but piperonyl butoxide, which
afects ganglia at l0-i-10-4M, might attain such concentrations in the
haemolymph. (Burt)

The action of pyrethrum. Before studying the combined effect of pyre-
thrum and synergists on cockroach nerve, the action of pyrethrum alone
was examined. As reported by previous workers, pyrethrum affects both
axonic and trans-synaptic conduction; cercal nerve seems the most
susceptible nerve tissue so far tested. It acts very quickly, first causing
spontaneous repetition of impulses, soon succeeded by partial or complete
conduction-block. Symptoms are sometimes reversed by saline irigation.
It is effective at very low concentrations. Thus, cercal nerve treated with
l0-7M shows symptoms in 2-7 minutes, and the height of the action
potential is halved in 3-10 minutes; with l0iM symptoms appear in I
minute and conduction is blocked in 1-4 minutes. (Burt)

Perfusion of cerci of Periplaneta amcricaaa. A convenient preparation for
studying the efect of physiologcally active compounds on the c€rcal
nerves of the Arnerican cockroach was developed. The cercal neryes are
said to be solely sensory, a useful feature for some physiological studies,
and their enclosure by the cercus can be used to localise the site at which a
compound is applied. The amputated abdomen of an adtlt male P. ameri-
cara is pinned to a cork block ventral side up, with one cercus supported
on a pad of plasticine. Enough cuticle is removed from the body cavity to
expose the cercal nerves and the sixth aMominal ganglion, which is
crushed. Two stimulating electrodes of electrolytically pointed tungsten
wire are thrust into the distal third of the cercus, and action potentials are
recorded from a pair of platinum-iridium alloy electrodes, one plac€d on
the sixth abdominal ganglion and one, with a hooked tip, under the cercal
nerve close to the ganglion. With another pointed tungsten wire, held in
the hand, a third hole is made in the cercus proximal to the stimulating
electrodes and a little smaller than the perfusing cannula, to make a tight
joint and prevent perfusate escaping around the edges of the hole. The
perfusing cannula is made from the finest cannula available commercially,
0.2 mm external diameter and 1.5 cm long; each caDnula is electrolytically
sharpened until its diameter is about two-thirds the original, and it is
mounted on an Agla micrometer syringe driven by a motor unit (,Rori-
amsted Report fot 1965, pp. 159-160) revolving at 10 revs/hour and deliver-
ing l'7 pl offluid per minute. Testswith dyed perfusates shoved that most of
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the fluid injected into segments 8-10 passes through the cercus proximally,
and starts emerging into the body cavity within 2-5 minutes. The cercal
nerve can therefore either be perfused continuously, or the treatment
restricted to a short length of cercal nerve by making a single injeaion
lasting about a minute. With practice the preparation can be set up
quickly, so it is suitable for toxicological studies needing many tests.
(Burt)

Distribution of cholinesterase activity in the c€ntral nervous system of ite
cockto ch Peiplaneta americana. Earlier work with whole ganglia (Burt
and Gregory, Rothamsted Report for 1965) indicated that impairment of
nervous function by the organophosphates diazoxon and diazinon might
be related to localised inhibition of cholinesterase in the central nervous
system ofP. ameicdna. Before local inhibition could be studied in detail,
more precise information was needed on how cholinesterase activity is
distributed in the central nervous system. This is being studied using serial
frozen sections cut with a refrigerated microtome and stained for choline-
sterase activity by the Gomori thiocholine method. To handle the many
sections needed, grooved "Perspex" staining racks were devised that hold
17 of the cover-glasses to which the serial sections are attached. Early
results indicate that most cholinesterase activity in the ganglia of the
ventral nerve cord is in the central neuropile, where it is unevenly distri-
buted. Outside the neuropile cholinesterase is much less, except for some
neuron cell bodies very rich in it. The number and position of these difers
in the various ganglia. (Gregory)

Imect pheromorcs. Some work on the isolation and identification of the
chemicals responsible for aggregation of Dysdercus intermedius is de-
scribed in the report of the Entomology Department. (Calam)

Persistence of chlorohydrocarbon insecticides

Effect of environment on the penistence of dieklrin crystrls. The effect of
air movement and temperature on similar dieldrin crystals formed from
"Cellosolve" solution on glass plates was further studied at a wind speed
of 2 mph and a temperature of 4345" C, which is often encountered in
the tropics. These crystals in deposits of 6 pg/cmt volatilised at a linear
rate of 0.1 pg/cms/day in still ab at 21" C (65%R.H.) and of 24 pglcmr/day
at 4345" C. The dieldrin, dissolved in a suitable solvent, was sprayed on
to the glass surface and crystallised iz situ. The solvent damaged the surface
of cotton leaves (though "Cellosolve" was far less injurious than dioxan
or benzene), and to avoid this, aqueous suspensions of dieldrin crystals
were prepared and sprayed on the leaf surfaces. However, crystals broke
on passing through the spray nozzle, and that of size range 75-150 rr
became of the order of 10 p. Glass plates were sprayed to give initial
deposit densities of these approximately 10-p crystals of l0 and 5 pglcnz-
At 20" C (65% R.H.) they volatilised, as expected, at similar rates to those
crystallised from solvents rn srr. At l0 pg/cmt deposit density the rate was
about 0.14 p.glcmzlday, and it decreased to about 0.08 pglcmglday at 5
p.g/cm2 deposit density.
168
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Efrect of formulation on persistencc A new t,?e of machine was de-
signed for the "rainwashing" test so that not ody the residue left on the
surface after "rainwashing" but also the washings thems€lves from a
DDT deposit on either a glass or cotton leaf surface could be collected for
analysis. This not only serves as a check on residue analysis figures but is
also designed for future work in measuring the rates at which deposits are
washed ofl.

A fan-shaped jet of water from the mains supply coming at maximum
pressure through a coarse T-jet (size 650067) delivers water to the surfac€,
which is held 3 in. away. The jet, powered by an electric motor, sweeps
across the surface, traversing a 3-in.-long path t\yice per second for 30
seconds, to give the equivalent of about 0.8 in. of "healy rain". The
whole is enclosed within a cylinder (l ft long x 6 in. diam) which is
sealed by a removable plate at the top. The open-ended bottom of the
cylinder sits inside a funnel which delivers the washings to glass-stoppered
test-tubes. The DDT is extracted from these washings by repeated shaking
with small portions of hexane, and the DDT measured by gas-liquid
chromatography.

Cotton leaves were sprayed with standard DDT wettable powder and
with DDT wettable powders containing both 5 and l0l "Lovo 192" (a
proprietary mirture of amine stearates) to give deposit densities about 7
pg DDT/cm'. One set of leaves (excised) was cut from the plant and
kept in the dark at 20" C and 651 R.H., so that they were moribund
within a week. Measurements with fully functional leaves were obtained
from another set rooted with hormone solution (indole acetic acid) and
kept in nutrient solution in constant environment cabinets at 20" C and
approximately 50% R.H, The cabinets proved unreliable and the leaves
developed brown necrotic areas, so this series of tests was unsatisfactory
and will be repeated. However, the results resembled those with excised
leaves as giYen in Table 2.

TABLE 2

\ DDT washed of excised coton leaves by "rainwashing', of deposits (c.
7 pg DDTlcmz) formulated in diferent ways and aged lor diferent perioils

Weeks Std.-w.P. 5.'4 'LOVO"-W.P. t0:1 "LOVO"-w.p.
l6
lt
t4
l6t3 92 32 l0

The amount of each formulation washed off dead leaves does not vary
with the age of deposit, and adding these amounts of "LOVO 192" to
wettable powders increases the resistance to "rainwashing" fiom cotton-
leaf surfaces (three-fold and seven-fold respectively).

Tests were done to find how much ofthe DDT in these wettable powder
formulations penetrated into cotton-leaves with time, and thus became
unavailable as a contact insecticide. Both excised (dead) and rooted (living)
leaves bearing these DDT wettable powder deposits were subjected to
either: (a) "rainwashing", washing with hexane and finally extraction of
residue from leaves with hexane; or (6) the same procedure but without
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the fust stage of "rainwashing". The residues were analysed for DDT by
gas-liquid chromatography. The amount of DDT in the leaf increased in
both living and excised leaves with time, and after 3 months at 20" C
leaves sprayed with the standard wettable powder contained five times as

much DDT as did recently sprayed leaves. More DDT was absorbed by
leaves carrying deposits containing *LOVO" than from deposits of wet-
table powder alone, with l0l "LOVO" up to five times as much. @hillips
and Gillham)

Pyrethrins and related comlnunds

,l-Allylbenzyl chrysanthemates (I) were earlier (Annual Report for 1965)

found very toxic to hous€flies (Musca domestica L.) but not to mustard
betles (Phaedon cochleariae Fab.).,1-Allyl-2,6dimethylberzyl chrysan-
themates (II) were toxic to both species. These compounds were as active
or more active agaitrst insects than the natural pyrethrins and allethrin.

R - o'co'c({-7H'CH{Me,
)c{

Me/ \Me /M,z--\ l-\CH,:CH.CH!<_>H,R CH,-{H'CH,<_XH'R
(I) (ID -\U"

(-}n.(}u,n $cH,Qcn,n\o/r"r"()cu,n
r16\r*1.(rlt) (v)

(vIIr)
Qa()cu,n

ryD

/Me/-\Me\ r)-cHzR
(x) \Me

X/CHrRi// )\>zV
(vrr)

CH'R

<>,<)
lf.HTOH

(:rlu(-)r'4.\o/
00

Further variations of the basic structure (see Rorhamsled Report for
1965) deduced to be necessary for Sreat activity were prepared. 'l-
Benzylbenzyl chrysanthemate (III) was compared with 'l-allylbenzyl
cbrysanthemate (l). It was as toxic as 2,+dimethylbenzyl chrysanttremate
(IV) to houseflies and more than twic€ as toxic to mustard bee0es. Unlike
alkenylbenzyl chrysanthemates (e.g. I), with benzylbenzyl chrysanthe-
mates any alkyl goups on either aromatic ring diminished toxicity to both
houseflies and mustard beetles. zl-Furfurylbenzal chrysanthemate (Y)
was four times as toxic as the benzylbenzyl compound (III) to houseflies
but only half as todc to mustard beetles-

4Phenoxybenzyl chrysanthemate (VI) was much less toxic than +
benzylbenzyl chrysanthemate (III). This indicated that the methylene
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group htween the rings was essential for toxicity atrd that the relative
stereochemistry of the two b€nzene rings, similar in (I[) and (YI), was not
by itself sufficient to confer toxicity.

Because the furan ring approaches the size and shape of the cyclo-
pentenolone ring in the natural pyrethrins much more closely than does
the benzene ring, furfuryl and furylmethyl (VU), instead of benzyl esters,
were next examined.

It was found ttrat:

(a) Whether the chrysanthemoyloxymethyl group was at position 2
or 3 on the furan ring, polymethyl esters were more toxic than di- and
mono-methyl conpounds to both houseflies and mustard beetles.

(b) 5-Methyl-3-furylrnethylchrysanthemate was more toxic than the
5-methyl-2-furfuryl ester.

(c) zl-. or 5-Benzyl esters were more toxic than 4- or s-methyl esters,
respectively.

(d) p-Methyl groups on benzyl side chains diminished toxicity.
(e) Benzylfurfuryl and 3-furylmethyl chrysanthemates were more toxic

than the corresponding esters with methyl substituents as well. A similar
conclusion (above) was reached with benzylbenzyl chrysanthemates.

These conclusions indicated that 5-beozyl-3-furylmethyl chrysanthe-
mates (VIID should be effective compounds, and the (+)-rrdzr-chrysan-
themate proved to be the most toxic compound in this series. It was 55
times as toxic as the mixture of esters of tle natural pyrethrins to house-
flies and nine times as toxic as the natural esters to mustard beetles.

The table compares the toxicity to houeflies and mustard beetles of
5-benzyl-3-furylrnethyl (*)+razs-chrysanthemate and related compounds.

TABLE 3
Comparalive toxicity of the new stnthelic esters afld other insecticides to

adult housefiies and mustard beetles

Mus.a dom.sticz L,.

5-B.nzy1-3-fuiylD.thyl (+)-rrarr-
chDsdiboalc (A)

5-A@al-.1-r@toethvl ( +).r'tur-
250 + lO

46

25
11

230 + 10

34 ):2
buioid. (l: 1)

LDsoG8/9 ny)

0.0053 i 0.0002

o.ol2 + 0 0005

0.016 + o.q)03

0.029 + 0.0008

0.055 + o.oo3o.l5 + o{o3

0.35 + 0{1
o.@9 + 0.0@2o{ll * oooo5
0.024 + o.0or
o{40 + 0.002
0.0E4 t o.@3

0.017 * 0.0006
0,036 + 0.002

syMsistic R.latiB
f.ctor po&ncy

26
1@

l0O '

l3o +8
100

(c)

. Susrtiblc sEarn oblained throuch rh. coutGy of Mr. J. C. Wickba, Th. Coopa T..hrical Bur.au.
I lr€il/ld &oD LD50 valG for !h. @Epo6d! ud (U) (talc6 a! stand,.d.nd sivcd pot rcy l0O) ir

siEulra@U3 @Epuison!. DroDa (l ,n) of th. onoouds dislt€d in ac.lo.e i,c'. appli.d topioIy ro
}.,4-&y{rd adult feoal€ (M6.a) o! adult DaLs.Dd f@le (Ple.dor').

. LD50. O0OO7% w,/Y.

t7t

+2 130
+ 0.5 1.6

227
0.98 + O{5
l.,r + O{8
r.5 +04
1.4 + G09
2.r + 0.1

85 +512 +3

(E)

24
19
3.5
1.7
1.3

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-1-14 pp 13

ROTHAMSTED REPORT FOR 1966

It is significant that the toxicity of these compounds, containing only
carbon, hydrogen and oxygen, is greater than that of some other insecti-
cides regarded as very toxic to insects, such as parathion, aldrin, dieldrin
and carbamates, some of which are also very toxic to mammals.

Although less toxic than the (+)-/rarrr-chrysanthemate, 5-benzyl-3-
furylmethyl (+)-rrans-pyrethrate had a somewhat better knockdown
power when estimated 10-15 minutes after treatment and killed more
houseflies after 24 hours than the same dose of pyrethrum, when tested by
the topical application technique.

The new compounds are protected by patents assigned to the National
Research Development Corporation.

Piperonyl butoxide barely synergised the most active esters at a toxi-
cant: synergist ratio of l:1, but even when synergised to the greatest
extent, the natural pyretkins were still less toxic to houseflies than 5-
benzyl-3-furylmethyl ( +)-cir-rrarr-cbrysanthemate.

In addition to the methyl-furfuryl and -furylmethyl chrysanthemates,
methylbenzyl chrysanthemates were studied. Previously only 2,,1- and
3,zldimethylbenzyl chrysanthemates had been examined for insecticidal
activity. 2,4,6-trimethylbenzyl-(+)-cr-rrarrr-chrysantlemate (Ix) was
more toxic to houseflies and mustard beetles than 2,zldimethylbenzyl
chrysanthemate (IY) and was a crystalline solid. Therefore all the 19

monomethyl and polymethylbenzyl chrysanthemates, many of them new
compounds, were synthesised. Bioassays are not yet complete, but the
most accessible compound with the greatest activity seems to be 2,4,6-
trimethylbenzyl cbrysanthemate. The (f)-cfu-lrazs-chrysanthemate was
abost 601as toxic as allethrin to houseflies and mustard beetles, as well
as being crystalline and much cheaper to make.

Chemical work. Benzylbenzyl alcohols, for esterification with chrysan-
themic acid, were made by a route related to that used to prepare alkenyl
benzyl alcohols (Rothamsted Report for 196r. Although allyl bromide
couples with aryl magnesium halides, benzyl halides do not react under
these conditions. However, phenyl magnesium bromide couples smoothly
with benzyl chloride in benzene, and for the present work this reaction was
extended. 4-Bromobenzyl bromide coupled with phenyl magnesium
bromide in benzene (but not in ether), and benzyl chloride was reactive
enough to react with zl-bromophenylmagnesium bromide. However, fur-
furyl chloride coupled satisfactorily with 4-bromophenyl magnesium
bromide in ether. 4-Benzylbromobenzenes gave the corresponding benzyl
alcohols when their Grignard derivatives were treated with formaldehyde,
and this reaction was used to make a range of derivatives of zl-benzyl-
benzyl chrysanthemates from various benzyl chlorides and bromides, some
available commercially.

4-Benzyl-2,6-dimethylbenzyl alcohol was synthesised by a route related
to that used to make 4-al1yl-2,6-dimethylbenzyl alcohol (Rothamsted
Report for 1965). The rearrangement of N-allyl-2,6-xylidine to ,l-allyl-
2,6-xylidine with zinc chloride in xylene is analogous to a Claisen re-
arrangement of O-allyl-2,6-xylenol in which nitrogen has replaced oxygen.
O-Benzyl phenols do not usually undergo the Claisen rearrangement and,
172
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analogously, irr'-benzyl-2,Gxylidine gave no 4-benzyl compound on heat-
ing in the presence or in the absence of zinc chloride. However, when
1V-benzyl-2,6-xylidine hydrochloride was heated alone, 4-benzyl-2,6-xyli-
dine was obtained h 651 yield, although a comparable experiment with
fl-allyl-2,Gxylidine hydrochloride gave no .l-allyl compound.

Unlike these alkenyl and benzylbenzyl chrysanthemates, tiere was no
general route to the methyl and benzylfurfuryl- and -furylmethyl chrysan-
themates. The alcohols were obtained by reduction of methyl esters of the
corresponding acids; description of the preparation of known or easily
accessible acids is not given.

Two syntheses of 5-benzyl-3-furylmettryl alcohol were developed. The
fust showed that the cbrysanthemate had promising toxicity, and so the
second route was devised to make larger quantities more readily.

Scheme I
HO2C CO2H

Ho"cl\co"H her 
>" \O,/ ' cu Dosdcr

CorH
l-\ r. MeoH/lrcr</ \) ----------------

\o/ 2 Hrco/Hcl/zrclr

COrMe COrMe

clcH,Z-\ c'H'iArcr'> PhcH,a-\ ++f"\,/ -\,' Et'to

CH,OH

\o/
Furan tetracarboxylic acid (scheme I) was not decarboxylated smoothly

when heated in high-boiling coal-tar bases nor in quinoline, but gave the
monocarboxylic acid smoothly by direct pyrolysis with a trace of copper
powder. Methyl 3-furan carboxylate gave only the required S-chloro-
methyl derivative- This was established from the nmr qrctrum in which
the proto s had r values allocated as shown. When chloromethylated only
the proton sigpal at 2'63r disappeared and all other values remained as
before.

3.32 H CO,Me

2.63 HZ-\H 2.08

This synthesis was cumbersome, because three moles of carbon dioxide
were shed from furan tetracarboxylic acid, and so much starting material
gave only a small weight of product. Therefore the following alternative
synthesis was developed (scheme II). The keto group in 8-phenyllaevulic
ester was protected as the ethylene ketal, and the product was condensed
with ethyl formate in the presence of sodium hydride. The sodium salt of
the product cyclised directly with concentrated aqueous hydrochloric acid.
The alcohol obtained with lithium aluminium hydride was best converted
to the chrysanthemate by ester interchange with ethyl chrysanthemate in
the presence of a small quantity of sodium ethoxide.
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Scheme II

CHTCHTCOTEI (cHoH),
| --------------+

PhcHro

CH.C.CO"EIt 'il
PhCH'C CH'ONa

oottcHr-{H,

co,Et
PhcH!Q

CH,CH

PhCH,C

/\ttcH!-{H,

,corEt

H€OrEr

N.H

HCt

LiAlHr

cHroH
PhcH,z) 1ioIT!*" , ,u,,,r'\/,. NroEhorrE

For a related synthesis, 5-methyl-3-furoic acid was obtained in im-
proved yield by condensing ethyl formate with the ethylene ketal of ethyl
laevulate, instead of the enol ether, used earlier.

lBenryl-2-methylfurylmethyl alcohol (X) was synthesised by chloro-
methylation of methyl 2-methyl-lfuroate and reacting the product with
benzene in a Friedel{rafts reaction.

Methyl 3-methyl-2-furoate was synthesised by thc following knotvn
reactions:

MeOr
YH.CHrColr,te * clcHrcorMs f!9Y:->

MeO/
M0., ..Me .rMe.-CH.CH"C'

MeO/ -l> 
- 

/( )Co,rra.CH'COrMe \O/
This synthesis was extended for the pres€nt work. Acetyl ac€tone, used

instead of 3-oxobutyraldehyde, did not itself condense with methyl
chloracetate under the conditions normally used for the Darzen's reaction.
However, the monethylene ketal of acetyl acetone (xI, R:H) reacted as
shown, but the spthesis failed with the monoethylene ketal

R.CH.COMe R.CH-C,/M"
| ,o.gH, N'eM' > Lo.Cu, lXMe'C'. | + CICH,CO,Me Me.C( | CH.CO,Me'O'CH, \O'CH,

b... ){e) Mel< )CO,Me (XD.o/
of allylacetylacetone (XI, R:CH1CH{H1).

Methylbenzyl chrysanthemates were made by esterification of the
alcohols with (*).trans- (naturally derived) or (-)-trans @y optical
174
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resolution) ot (+)-cis-lrans- (synthetic) chrysanthemic acid chlorides in
the presence of pyridine.

2,3,+, 2,4,r, 2,4,GTn- and 2,3,4,5- and 2,3,5,Gteta, and 2,3,4,5,G
penta-methylbenzyl chlorides were made by cbloromethylating the hydro-
carbons, and these gave chrysanthemates directly by reaction with the
triethylamine salt of chrysanthemic acid.

2,3-, 2,5- and 2,GDimethylanilines gave the corresponding bromo
compounds by the Sandmeyer reaction and then the benryl alcohols by
reacting the Grignard derivative with formaldehyde.

To make 2,3,Gtrimethylbenzyl alcohol, 3-bromopseudocumene-5-sul-
phonic acid was made from pseudocumene (l,2,4trimethylbenzene), and
when hydrolysed this gave 2,3,Gtrimethylbromobenzene and thence the
benzl alcohol.

3,4,5-Trimethylbenzoic acid was prepared by oxidising 3,4,5-trimethyl-
acetophenone, obtained by isomerising acetomesitylene with aluminium
trichloride. The acid was reduced to the benzyl alcohol with lithium
aluminium hydride.

2,3,5-Trimethylbenzyl alcohol was also obtained by reducing the benzoic
acid, which was the only product (from a Tiffeneau rearrangement) iso-
lated when the Grignard reagent from 2,rHimethylbenzyl chloride was
reated with phosgene and then hydrolysed.

Pentamethylbenzyl chloride was obtained by chloromethylation (above).
The alcohol was also synthesised by chlorinating hexamethylbenzene with
sulphuryl chloride and selecting the required mono substitution product by
fractionating the mixture of ac€tates obtained from the chlorides.

Methylbenzyl alcohols not specifically mentioned were made by con-
ventional reactions- (Elliott, Farnlam, Janes, Jeffs, Needham and Pearson)

Todcity of imecticides to be€s

Poisoning of honeybees in tte field. Thirty-one samples of honeybees
(Apis mellifera\, alleged to be poisoned, were received from the Bee
Advisory Service of the Ministry of Agriculture, Fisheries and Food, 35
fewer than last year. Of the 20 containing insecticide, 12 had organo-
phosphates. Information supplied with these samples showed that six of
them were affected by spraying bean-crops, five of which were sprayed
from aircraft. IDformation on thee ofthe other samples indicates that one
was caused by sugar-beet spraying, one by strawberry spraying and the
third by the aerial spraying of peas.

Paint containing dieldrin applied to the hiye was responsible for one of
the three cases of dieldrin poisoning. How the other two happened is
unknown, but a second sample of bees from another hive in one of the
affected apiaries contained both dieldrin and BHC.

The reason for th€ single poisoning with BHC is unknown.
One of the two samples containing carbaryl was of bees that had been

foraging on waste from a jam factory where wasp baits containing carbaryl
were used.

The bioassay on one sample indicated the presence ofan insecticide, but
the poison could not be identified. 

fis
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Applying organophosphate sprays to beans continues to b€ the main
cause of bee poisoning. Most of this could be avoided by using a granular
formation of insecticide (see Bee Department report, p.215). (Nie<tham
and Stevenson)

Toicity of insecticides to btrmbl€bees. Acute toxicities of honeybees are
determined in the laboratory (Rotharnsted Report for l9g, p. 166), and it
is desirable to compare these figures with toxicities to other bees and also
to other beneficial insects. Colonies of two species of bumblebees (.Barzbns
locorum arrLd Bombus agrorum) were collected and biological assay tests of
acute contact toxicity of four insecticides made using the method described
for honeybees. Because of the small number of insects available, regression
lines and LD50 values could not be calculated. However, Table 4 shows

TAELE 4
Contact toxicity offour insecticides to bumblebees

(Dosc range (!.s per bee) within which LD50 lies, compared with LD5O value for
horeybees.)

Demeton-Dethyl Dimethoate Disulfotoo phorate
B. lucorum
Queens 6-U l2A Ove O 6-23Workers/males l-2 2-5 2-lO l-2
B. agrorum

Qgeens 10-24 1-5 5-tO l-5Workers/males l-3 O.r2 14 i-,1,
A. melliferu
Workers 0-5 0.1 5.0 03

the limits ofthe LD50 values and the LD50 value of the same insecticide
for honeybees. A series of concentrations of each insecticide was applied
to groups of three to six bumblebees on several occasions and those killed
were counted 24 hours afterwards. (Stevenson and Racey, Bee Depart-
ment)

Evaloation of fluor€sce trscers to study dishibutior of spray deposit on
lgftyES" A dieldrin spray containing a fluorescent tracer (:.Saturn
Yellow") was applied to flowering crops, being worked by ioraging
honeybees. Honeybees were collected as follows: (l) post siray, flying
bees swept at hive entrance; (2) post spray, dead- and avine b€es
picked up in front of hive; (3) dead bees in front of hive 2g houi after
spray; (4) young bees taken from hive apron 7 days after sorav: (5) dead
bees taken from hive entrance 7 days after spray. Bees froh iacir g.oup
were divided into one of five classes according to the quantity of iracer
they_had picted up, and the dieldrin content ofeach was determined using
gas-liquid chromatography ("I. Sci. Fd Agric. (196), 17, t33) to see if the
distribution of the tracer was correlated with that of the insecticide.

In each group of bees the amount of dieldrin increased with the amount
oftracer seen on the bees, and was often in excess ofthe median lethal dose.
However, when bees with the same amount of tracer but from different
groups were compared there was a big variation in the amount of dieldrin
present for a given amount of tracer. Some contained dieldrin but showed
176
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no tracer. Fluorescent tracers should therefore be used to follow the fate of
insecticide sprays only under carefully controlled conditions. (Needham
and Stevenson, with Mr. B. A. Cooper, N.A.A.S., East Midland Region)

Apparatus

A compact and robust hand-operated microapplicator was devised and
made that s€lects and delivers five sizes ofdrops ranging from 0.25 to 5 pl.
To test the accuracy and consistency of the apparatus, l0 individual drops
of water were weighed for each drop size. The coemcient of variation with
the smallest drop of 0.25 pl was less thar 2l.

The commonly used electric-barrier method of confining insects was
modified, using an inexpensive mains- or battery-operated relaxation
oscillator. The output of 25 V at 300 c/s is coupled to the electric barrier.
When wired in conjunction with a change-over relay and battery, the
barrier remains energised should the mains fail. A wide range of insects
were satisfactorily contained.

The development of an apparatus for the sorting and counting of
trapp€d insects continues aDd a counting system that should allow more
clearly defined fractions to b€ collected is being developed. (Amold)

Systemic insecticides

Work on soil factors affecting uptake of organophosphorus insecticides
from soils by plants continued.

Sorption by soil. Studies on the sorption of disulfoton (diethyl S-[2-
(ethylthio)ethyl]phosphorothiolothionate) by soil (see Rothamsted Report
for 1964, p. 167) were concluded. As desribed in last year's report,
adsorptioD isotherms for all soils studied fitted the straight-line relation-
ship .r/z : DC well (where x/m is the insecticide sorbed per unitweight of
soil and C is the concentration of the equilibrium soil solution). Corre-
lations were all greater than 0'96, but more detailed statistical analysis
showed that, with nearly half the soils, the Freundlich isotherm x,lnr :
I(Cn (where K ax.d n are constants) gave a significantly better fit. The
Freundlich plots for different soils had different curvatures, as shown by
values of n, which ranged from 0.8 to l.l. For the range of solution
concentrations up to saturation, however, these isotherms deviate only
slightly from linearity, so that for practical purposes the linear isotherm
can be used as a good approximation.

To interpret the movement in soil and availability to plants of other
insecticides and to throw light on the nature of the insecticide-soil bond,
adsorption of other insecticides is being studied. Measurements were made
with phorate (diethyl S-(ethylthiomethyl)phosphorothiolothionate), using
the same equilibration method as with disulfoton. For the 10 soils studied,
isotherms have all been similar to those for disulfoton except that phorate
has slightly less affinity than disulfoton for soil. At solution concentrations
of l0 ppm, about 80% as much phorate is adsorbed as disulfoton. (Graham-
Bryce)

t77
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Effect of soil moisture contert on upteke of orgempboephorus imecticirtes,
Previous field trials (sumnarised by Bwt el al. Ann. appl. Biol. (1965),56,
4ll) suggested that soil moisture content influenced uptake by plants of
systemic insecticides, and that the performance ofdifferent insecticides was
affected diferently by different moisture conditions.The effects ofsoil mois-
ture content are therefore being studied in the field and in the laboratory.

In the field an irrigation experiment similar to that described last year
(Rothamsted Report for t965, p. 169) was planned. Menazon, phorate,
dimethoate and disulfoton were applied as granules at the equivalent of
3lb a.i./acre below potato tub€rs at the time of planting (10 May 1966).
The toxicity of the plants to aphids was assessed by counting natural
aphid populations on the plants at regular intervals and by confining
apbids Macrosiphum euphorbiae (Ihos.) on leaf surfaces both in the field
and in the laboratory. It was intended to establish several different water
regimes by different irrigation treatments, but, as in 1965, tle season was
wet and the differences between treatments were very small. The four
insecticides could therefore be compared only at the same moisturc con-
tent. The natural aphid infestation was much smaller than in 1965, and
was thus less useful as an index of toxicity. At the time of maximum
infestation (12 July) the control plots had only 157 aphids/I00 leaves and
the numbers on the treated plots were: dimethoate 35 aphids/100 leaves,
menazon 132 aphids/ 100 leaves, phorate 5 aphidsi l00leaves and disulfoton
7 aphids/l00 leaves. The natural population counts together with caging
tests confirmed previous results. Phorate and disulfoton controlled aphids
very effectively throughout the growing seasor; dimethoate was somewhat
less satisfactory and menazon much less.

The effects of soil moisture content on the uptake and toxicity of
systemic insecticides were also studied by pot experiments, where con-
ditions can be b€tter controlled and soil moisture content made the oDly
variable. In preliminary experiments, moisture content was controlled
simply by frequeDt watering to maintain pots as near as possible to a
constant weight calculated to give the desired average soil moisture con-
tent. When the moisture content of a sandy clay loam soil was maintained
at l0 and 20% wiw, dimethoate and menazon moved tbrough the soil
rapidly. With the largest amounts of dimethoate in the wetter soil nearly
all the aphids caged on broad-bean plants were killed in 24 hours. Disul-
foton and phorate moved more slowly.

The water control in these exlrriments was not satisfactory, and a
better technique was devised using osmotic control. Soil is separated from
a suitable solution by a semi-permeable membrane, and water moves
from solution to soil when the water potential in the soil exc€eds the osmo-
tic pressure of the solution. By maintaining the solution conc€ntration
constant, water can be added to the soil continuously and automatically at
a known potential to replace water lost by evaporation from the surface
or by plant transpiration. A suitable robust semi-permeable membrane is
"Yisking" dialysis membrane, and Union Carbide polyethylene glycol
20M (molecular weight approx. 20,000), which does not pass though the
membrane, is a suitable solute for the osmotic solution. The polyethylene
glycol (PEG) is inert and soluble enough to give a lvide range of osmotic
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pressures. The method was tested extensively with a sandy clay loam for
soil moisture contents from 5 to 17%vtlw with pots containing soil only
and others planted with wheat. After an initial adjustment, which took up
to I week, the weights of pots remained constant within 2 % until the end
of experiments, even \f,hen the pots were in a greenhouse in June, showing
that enough water was entering the pots to balanc€ evaporation and trans-
piration. Experinents could not be continued for longer than 14 weeks
after the seedlings emerged, because of microbial decomposition of the
membrane in contact with the soil. At the end of experiments, examination
of the soils showed that below a drier surface layer of approximately j in.,
moisture content varied little. Coefficients of variation for water contents
of 15 samples taken from different points in each pot range d from 6 to 15y",
and average moisture contents for different pots in the same solution
differed by less than 2%. Apart from a small tendency for moisture
contents to increase from top to bottom of the pots, moisture gradients
were not apparent. For small plants that transpire little, therefore, this
method can establish widely different moisture r6gimes, which are repro-
ducible and defined to a large extent.

The matric potential at which water enters the soil with this method is
equivalent to the osmotic pressure of the PEG solution. It is therefore
important to determine this osmotic pressure. Direct measurements of
osmotic pressure are difficult, so two indirect methods were used. First,
freezing-point depressions were determined and the equation OP : 12.06
AI applied (where OP is the osmotic pressure in atmospheres and A? the
freezing point depression in " C). Freezing points were determined by
following the change of temperature with time during melting of the con-
tinuously agitated frozen solutions as indicated by a thermistor coupled
with a recording potentiometer in a Wheatstone bridge circuit. Apparatus
for these measurements was kindly provided by Mr. R. Greenwood ofThe
City University, London. Second, conc€ntrations of KCI solutions iso-
piestic with the PEG solutions were determined, and osmotic pressures
calculated from data in the Intemational Critical Tables. A simple tech-
trique was devised to determine the requircd KCI concentrations. Filter-
paper circles were soaked in PEG solution, blotted and placed in airtight
brass cylinders, separated by a small air space from similar circles sup-
porting KCI solutions. The cylinders were sealed and kept at 20'C (+1)
for 3 days when movement of water vapour from one circle to the other
was detected by changes in weight. By using a range ofKCl concentrations
with vapour pressures bracketing that of the unknown PEG solution, the
concentration of the isopiestic KCI solution that would cause no change
in weight could be estimated accurately. The plots of PEG concentration
against osmotic pressure for the two methods agreed reasonably well, and
the curves obtained showed that the solutions did not obey van t'Hoffs
law as indicated by Lagerwertr et al. (Science (1961),133, 1486). Osmotic
pressures ranged from approximately 0.5 atm at 5% PEG to approxi-
mately 15 *tn at 25% PEC. Very much larger osmotic pressures are
given by more concentrated solutions, so that matric potentials over the
whole range normally experienced by plants growing in soil can easily be
produced with these solutions.
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This osmotic method of controlling the potential at which water is
supplied to soil is being used to find how soil moisture conditions affect
uptake of organophosphorus insecticides by wheat. (Graham-Bryce and
Etheridge)

Contol of virus rliseases of luceme. Collaborative work on this problem
is described in the report of the Entomology Department. (Etheridge)

Andytical. Collaborative studies on the assay of residues of dimethoate
continued in collaboration with the Joint Dimethoate Residues Panel of
tle Scientific Subcornmittee on Poisonous Substances used in Agriculture
and Food Storage. (Lord)

Itrs€ct rcariry. The following were reared during the year:

PLANT FEEDRS

Ifemiptem Acyrthosiphonpisrm(Harris)
ApNs fabae Scap.
Macrosiphum euphor6rbe (Thos.)
Megowa iciae Btrckt.
Myzus pericae (Sulz-)
Rhop alos ip hum padi (L.')

Coleoptera Phaedon cocueaiae (F-)

OTHERS

&hoptera Bhberus discoidalis (L.)
Per ip lane t a aner i c oru (L.)

L€pidoptera Plodiainterpuctella(Flnbo,.)
Pieris brassicae (L.\

Coleoptera Oryzaeplilutmercaror(Fa\v.)
Tenebrio nwlitor L.
Ti bo I i utn cas t arc um Qlerbsl -)
Tribolium confusum l. duY.
Trcgoderqa grqnarium Evefis

Diptera Drcsophila ebr.ogaslet (Meig.)
and a wiDgtess mutant
Mu$ca dornestica L.

Strains. Normal susceptible
sKA (diazinon resistant)
ocra SRS
6w6, ocra SRS I fully susceptible to
bwb, ocra, ar SRSI diazioon and DDT
29, 52 (resistant to diazinon. Homozygous

for low aliesterase only, aod marked
with ocru)

8, 18 (Homozygous for Dz4 only and
marked with ar)

Wheat-bulb fly (Zep tohylemyia coarctata FalL)

Commercial seed dressings for wteat-bulb fly contol. The amount of
y-BHC on seeds treated $rith dry dressings to control wheat-bulb fly
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was again measured, and the work extended to include other insecticides
and methods of treating seeds. The results of the tests, made in collabora-
tion with the N.A.A.S., the Ministry of Agriculture and seed merchants,
showed large differences between the mean amounts of insecticide on
seeds treated at seven different seed-dressing plants. The standard devia-
tions of the estimated amount of BHC left on a seed at a particular seed-

dressing plant was 130% at five plants and *15% at two others. All the
samples of concentrated seed dressings used contained the correct amount
of 1-BHC, and had similar particle-size distribution. The amount of
insecticide on the seed seemed not to be related to the tr?e of machinery,
the dressing, weather or seed variety. Analyses on a ferv samples of seed

followed from the seed{ressing plant to the farmer's drill showed that the
insecticide was not lost from the seed during transit. (Lord and Jeffs)

Preliminary studies on tte artult beheviour ol Leptohylemyia coarctsto.
Some preliminary studies were done on feeding and oviposition of adult
wheat-bulb fly in June-September 1966 to see whether behavioural
mechanisms could be used in combination with chemical control. Open
cylinders of perspex, coated on the inside with "Stictite", were placed over
commonly occuring plants in the wheat crop and in surrounding hedge-
rows to see whether adult wheat-bulb fly were attracted to particular food
plants in the field. The largest catches were between 15 June and 6 July
when five males were caught on a trap over goosegrass (Galium aparine
Linn.) and another five on a larger trap over hogweed (Heracleum
sphondyliwn Linn.). When the number of cages was increased to three
for each species ofplant even fewer male flies were caught, perhaps because
the main flowering period of the plants was over. Female flies were not
caught in traps placed over any plants during the whole period 15 June
to 8 August.

Oviposition tests were made in breeding cages rvhere adult female flies,
collected from the field in July and August, were fed on a diet of honey,
milk and blood. Standard cages consist of a hurricane lamp glass closed
at the base with perforated zinc, which stands on a platform of copper
wire on a black filter-paper in a petri-dish lid. The bases of the cages,
where eggs are laid, were modified in various ways to examine the effect of
different physical conditions on oviposition. In cages with the filter-paper
divided into white and black halves, flies laid 175 eggs on the white portion
and 1,033 eggs on the black. Flies preferred a perforated to a flat surface,
and a small mesh size of 1,,144 holeslint to the standard lrrforated zinc
with 8l holes/in'. (Griffiths and Scott)

Single.row fiials of insecticide. Eleven more experimental materials,
azinphos-ethyl, bronophos, N 2790 (O-ethyl S-phenyl ethylphosphono-
dithioate), R 30472 (O-butyl .l-(5-methyl-2-oxotetrahydrofuran-3-yl)
methylphosphonodithioate), R 30569 (O-butyl S-(5-ethyl-2-oxotetrahydro-
furan-3-yl) methylphosphonodithioate), RD 15721 (+methylthio-3,5-
xylyl-1y'-acetyl-.1y'-methylcarbamate), SD 821 I (2-chloro-l-(2,5-dichloro-
phenyl) vinyl dimethyl phosphate), SD 8,147 (2-chloro-l(2,4,5-trichloro-
phenyt) vinyl dimethyl phosphate), triphenyl tin ac€tate, tributyl tin oxide

l8l
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and carbophenothion ("Trithion') were formulated as seed dressings and
compared with heptachlor, ethion and 1-BHC standards in co-operative
field trials with entomologists of N.A.A.S. (Eastern Region and East
Midland Region). Rows, 10 ft long, were sown with dressed seeds on two
infested sites, a clay loam and a peaty loam. Plant examinations in the
spring showed that carbophenothion was the most promising new material:
plants grown from seed treated with carbophenothion at 0.5 and 0.lo/o
active ingedient to weight of seed had 121 and 2l% attacked shoots
resp€ctively in the peaty loam soil (compared with 80% attacked shoots
in the controls) and 20% aad 44% attacked shoots respectively in the clay
loam (compared with 8l I attacked shoots in the controls). Azinphos-
ethyl, bromophos and the liquid dressing of N2790 were less effective than
carbophenothion against wheat-bulb fly, and the other new materials
tested were either ineffective or darnaged the plants. (Grimths and Scott)

Timing of sprays for control of wheat-bulb fly. A field experiment, similar
to the small trial done last year on the timing of sprays in relation to the
stage of plant growth and of wheat-bulb fly larval deyelopment, was
sown on a medium boulder clay soil containing 4,600,000 eggs/acre. Large
plots, 110 x 8, ft were used to give reliable yield figures. All plots were
sown with fungicide-dressed Cappelle seed, half on 22 October and half on
I November 1965, Some plots from each sowing were left untreated, and
others were sprayed with dimethoate on 23 February, 2 March, 9 March
or 16 March 1966. A small portable sprayer was used because the ground
was wet in early spring, and all sprays were applied at 8 fluid oz dimethoate
in 60 gal water/acre (i.e. at slightly less than the recommended rate of 24
fluid oz/acre of the zl0l formulation "Rogor E"). At each spraying the
stage of platrt growth and of larval development, in early and late sown
plots, was recorded. By 23 February half the larvae in the early sown plants
and one-tenth ofthose in the late-sown plants had aheady moulted once.
In addition, slug damage decreased yields, particularly in the early sown
plots. Table 5 shows that the time of spraying was very important. The

TABLE 5
Yields of grain in cwtlacre (851 d.m.)

Sprayed

Unsprayed 2312. 213 913 1613
Sorm 22 October 18.9 28.2 28.8 25.5 23.2
Sown I November ll.6 31.0 21.5 17.9 14.9

Ls.d.atP:0'05:45

' 
:0-01 :6l

first two sprays, applied when plants from both sowings had produced
suftcient growing buds to replace the damaged central shoots and when
only a small proportion of larvae were third instar, increased yields much
more than did the later sprays, especially on the late-sown plots. (Griffiths
and Scott)

Recoyery of wh€at plmts fmm damage by wheeGbulb fly larvae. The
ability ofwheat plants, at various stages ofgrowth, to recover from damage
182
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caused by wheat-bulb fly larvae, or from artificial damage simulating
wbeat-bulb fly attack was studied.

Plants at the two-leaf stage that were cut off at ground level survived
by regowing their centre shoots. When they were cut down on several

occasions they continued to regrow their centre shoots each time until,
after 10-12 successive cuts, they died. In other tests the meristem of the
centre shoots was completely desfoyed with a needle: twG'leaf plants
were not tested, but many plants at the thrce-leaf stage died when treated
in this way, although four-leaf plans survived. 'When live larvae were
placed in contact with plants at the tbreeleaf stage the plants were still
alive 48 days later but had smaller dry weights tha! unattacked Plants'
Wlen live larvae were placed in contact with older plants that had three
to four tillers and the larvae were removed from the plants 5 days later,
so that they could only damage a single shoot, the attacked plants gave

yields similar to unattacked plants when gtown free from competition.
The results indicate that the main gowth of youDg plants is of the

centre shoot, and that destroying the meristem ofthe c€ntre shoot kills the
plant. At some point during the three-leaf stage the bud that forms the
side shoot reaches a stage able to grow indep€ndently when the c€ntre
shoot is damaged. These tests gave no evidence that tillering was stinu-
lated by wheat-bulb fly attack or artificial damage, and injections of
ground-up suspensions of wheat-bulb fly larvae into the crntre shoots of
threeJeaf plants also failed to increase the number of shoots. (Bardner,
Entomology Department and Griffiths)

Irrvsl respoEe to plrtrt extracts. Tests for attractiveness, used in the
chemical study of the factor thought to influence the behaviour of wheat-
bulb fly larvae near wheat plants, have usually been unsatisfactory, but
progress was made using a different q'pe of test, which measured arrestant
rather than attractant activity. A drop of centrifuged extract of the mashed
plant material or of distilled water as a control was placed at the centre of
a filter-paper in a moistened petri dish. Ten larvae were then placed on the
treated area and observed for 30 minutes. Larvae remained longer on ex-
tracts ofyoung wheat stems and roots than on distilled water, oron extracts
ofwheat leaves or oat plants (oats is not a natural host plant of wheat-bulb
fly larvae). Qualitative results indicate that the biologically actiye part of
\vheat stem extracts is organic, water-soluble, involatile and not destroyed
by brief treatment at pH 2 or 10. (Scott and Janes)

Effects of chemicals on suvival inll behryiou of wireworms. Laboratory
tests of AC 43064 (2-(diethoxyphosphinothioylimino)-1,3-dithiolane),
"Aphidan" (S-(ethylsulfinylmethyl) O,O-diisopropyl dithiophosphate),
azinphos-ethyl, Bayer 25 I 4l (O,O-diethyl O-p-(methylsulfryl)phenyl
phosphorothioate), "Bidrin" (3-(dimethoxyphosphinyloxy)-l{,1{-dimethyl-
crs-crotonamide), chlorfenvinphos, "Dursban" (O,O{iethyl O-3,5,Gtri-
chloro-2-pyridyl phosphorothioatQ, "Fitios" (S-(N-ethylcarbamoyhne-
thyl) O,O-dimethylphosphorodithioatQ, mecarbam, parathion, P 1973
(S-(N-methoxycarbonyl-N-methylcarbamoylmethyl) dimethyl phosphoro-
thiolothionate), P 21 88 (experimental organophosphate, Murphy Chemi-
cal Company) and a carbamate (3-sec-butylphenyl ,ly-phenoxyacetyl
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-|r'-methyl carbamate) showed that azinphos-ethyl, "Dursban", "Fitios",
mecarbam, parathion, P1973 and P2188 killed wireworms at 4 and 8 ppm
active ingredient in soil. Tests 3 months later with fresh wireworms
showed that most of these compounds had been inactivated in the soil,
but "Dursban" and P2188 still kiled many wireworms.

In further tests on the effects of insecticides on the biting behaviour of
wireworms, paper discs soaked in nutrient were treated with large amounts
ol insecticide, up to 100 pg active ingredient per disc. Discs treated with
nutrient and aldrin were readily bitten, but those treated with nutrient and
y-BHC, or nutrient and thionazin, were bitten less often, either because
these insecticides repel wireworms or bave a quick toxic action. (Griffiths
and Scott)

Fugicides

Laboratory and field testing of formulations of fungicides to control
blight, Phytophrhora infestots, on potato haulms and tubers continued;
experiments with fungicides for possible control of cereal take-all, caused
by Ophiobolus granrnrs, were begun, but results are not yet known. Most
of the materials used were kindly given by the makers.

Lrboratory t€sts

Formalstion. The bioassay melhod (Rothamsted Repott for 1964) was
used to compare formulations of fungicides for control of potato haulm
blight; at least two replicate comparisons were done with each pair of
formulations.

Last year the effectiveness offentin acetate was increased by adding I I
paraffin wax, emulsified with the non-ionic "Brij 76" and "Brij 72"
(Honeywill & Stein Ltd.) to a dispersed wettable powder ("Brestan 60":
Hoechst Chemicals Ltd.). Adding the same I I wax emulsion increased
the effectiveness of dispersed zineb wettable powder (Murphy Chemical
Co. Ltd.) at 0'3% a.i. by 2'2 times (P < 0.01), but did not improve dis-
persed tetrachloroisophthalonitrile wettable powder ("Daconil" or
"DAC 2787": Farm Protection Ltd.) at O.0l% a.i.

In tests without added wax, wettable powder formulations of some
organo-tin compounds were compared with fentin acetate ("Brest n 60"),
at 0.009 % metallic Sn (0.031 fentin acetate). Decyltriphenylphosphonium
bromochlorotriphenyl stannate (as "6651": Cela Landwirtschaftliche
Chemikalien G.m.b.H.) was 2.2 times more eflective than "Brestan 60"
(P " 0.02), but triphenyltin chloride (as "Hoe 2871" and "Hoe 2872":
Hoechst Chemicals Ltd.) was no more efective.

Appuent syslemic action- A small trial with King Edward potatoes
in 1965 showed that fentin acetate and triphenyltin chloride, applied to the
soil-ridges, gave some control of potato-tuber blight. In looking for other
materials that might control tuber blight, a few compounds were tested
for systemic fungitoxic action. Each was applied to the surface of the soil
round potted glasshous+grown King Edward plants in three successive
doses at intervals of about 4 days; each dorc was applied in 2'5 g kaolin
184
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(English Clays Lovering Pochin & Co. Ltd.). About 5 days after the
third application, leaflets were taken from the plants and compared, for
susceptibility to infection by P. infestotrs, with leaflets from similar un-
treated plants (Mclntosh & Eveling Eur. Potato J. (1965), 8, 98). The
materials used were: A, l-phenylthiosemicarbazide, which is said to be
systemically fungicidal to P. infestans in potatoes (van der Kerk, Illd
Rev. Pest Control (1963),7, 29); B, decyltriphenylphosphonium bromo-
chlorotriphenyl stannate ("A36": C. H. Boehringer Sohn); and C, fentin
acetate (Hoechst Chemicals Ltd.). In Table 6, which summarises tbe
results, "dose" is the weight of compound per plant on each of three
occasions; "ratio" is the weighted mean ratio of concentrations of zoo-
spores needed to prevent infection on 501 of the leaflets (treated: un-
treated plants); I and P have the usual statistical meanings.

TABI.E 6
Efect of soil applications on resistance of potato leafets ,o infection by

P. infestans

'*'""::;';11? 
"rr,,.o :a

0.05
3
1.6
t.9

>0.05

When applied in this way, l-phenylthiosemicarbazide (A) caused some
marginal scorching of the leaflets, and had almost no effect on their resist-
ance to infection. However, the two organo-tin compounds, although used
in rather large amounts (a total of 0'2 g metallic Sn per plant for C and the
larger rate of B), caused no visible damage to the plants, and increased the
resistance of leaflets to infection by two to six times.

Oryano-tin compounds as larvicides. Organo-tin compounds, besides
being fungicides, have some insecticidal action, particularly on larvae.
Thus they might possibly be used to control wireworms; or, when applied
to the soil as fungicides (see "Field Trials", below), they might affect the
soil fauna. The following preliminary laboratory tests were done to see

which compounds are the best larvicides.
Eggs of rust-red flour beetles (Tribolium castaneum) were added to

whole-meal flour impregnated with various organo-tin compounds, usually
from alcohol solution; adults were counted after about 8 weeks at 28" C.
In some tests eggs from surviving adults were similarly kept for a further 8

weeks, in untreated flour, to see *hether the chemicals had made them
sterile.

Approximate LD50s (as Ww percentages of compounds in flour) were
0.0005'l for fentin acetate, triphenyl tin chloride and sulphide (Pure
Chemicals Ltd.) and O'N251 for tributyl tin fluoride and oxide @ure
Chemicals Ltd.), tributyl tin sulphide (Albright & Wilson (Mfg) Ltd.) and
decyltriphenylphosphonium bromochlorotriphenyl stannate. Thus. the
simple triphenyl tin compounds were better larvicides than the others.
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The tributyl tin compounds slightly lengthened the life-cycle of T. cas-
laneum, b\l had. no sterilant action.

Field Eials. These were of two types: (l) conventional spraying of
potato haulms with standard and new formulations of fentin acetate; (2)
treatment of soil-ridges in potato crops with various materials, to try to
cotrtrol potato-tuber blight.

Hadtn spoying. Mr. S. C. Melville, N.A.A.S., Starcross, kindly in-
cluded one of our wax formulations of fentin acetate in his spraying trial
with the variety Arran Consul in Devon; however, the trial failed because
the crop was badly afected by leaf-roll, but not by blight.

Soil-ridge trcarmen . In a microplot trial with the variety King Edward
at Rothamsted, various fungicidal dusts and skin-forming emulsions were
applied to the ridges to protect the tubers, chemically or mechaDically,
from infection by spores washed down from haulms to soil. All organo-tin
compounds, except L, were applied at 0.18 lb metallic Sn/acre; and com-
pounds A-G and M as kaolin dusts. Treatments were: A, l,4dichloro-
2,5dimethoxybenzcne (Du Pont Co. (UK) Ltd.) at rl0 lb a.i./acre on 24
May; B, tributyl tin fluoride on 24 May; C, as B, on 1 July; D, tributyl
tin oxide on I July; E, tributyl tin sulphide on I July; G, decylriphenyl-
phosphonium bromochlorotriphenyl stannate on 5 July; H, "Epok V
8020" (British Resin Products Ltd.), an emulsion of polyvhyl ac4tate aud
polybutyl acrylate, with no fungicide, at 350 gal of 371 emulsion/acre on
30 June; J, "Unisol 91" (International Synthetic Rubber Co. Ltd.), an
emulsion of synthetic rubber, with no fungicide, ar 2q gd of 251 emul-
sion/acre on 6 July; K,'Intex 100" (International Synthetic Rubber Co.
Ltd.), an emulsion of synthetic rubber, with no fungicide, at 210 gal of
341 emulsion,/acre on 7 July; L, emulsion cont^iriag 40% bitumen and
0.06 I triphenyl tin chloride (Armour Hess Chemicals Ltd.) at 470 gallacre
on 14 July; M, l-phenylthiosemicarbazide at 30 lb/acre on 4 August; and
O, untreated. Haulms were unsprayed and were about 50% destroyed by
blight by 13 August. None of the treatments decreased the proportion of
tubers blighted at harvest (l,l-27 September). In contrast, treatments H
and K significantly increased the proportion; and treatments A, C, D, E
and H significantly decreased the yields of total and healthy tub€rs.

We conclude: (l) that the skin-like residues left by H and K, which
were applied to cracked soil in dry weather, prevetrted the cracks from
closing again when the soil later became moist, and in this way allowed
spores ofP. rnjfesrors to reach tubers directly; (2) that treatments A, C, D,
E and possibly H damaged the roots badly enough to dccreaso yields,
although no damage was visible on the haulms.

In a larger trial at Rothamsted, applying fungicidal dusts ftaolin) to the
soil-ridges was compared with spraying the haulns with wettable powder
formulations. As bcfore, all organo.tin compounds were applied at 0.18 lb
metallic Sn/acre. Treatments were: A, fentin ac€tate, and B, triphenyl tin
chloride, as dusts on ridges in May; C and D, as A and B, in June; E,
tetrachloroisophthalonitrile (Farm Protection Ltd.) as dust on ridges at
t86
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3 lb a.i./acre in June; G, zineb (Universal Crop Protection Ltd.) as dust on
ridges at 3 lb a.i./acre in June; H, fentin acetate wettable powder ("Brestan
60") on haulms on 2 August; J, tetrachloroisophthalonitrile wettable
powder ("Daconil" or "DAC 2787") ol haulms at 5 lb a.i.iacre on 2
August; K, zineb wettable powder (Murphy Chemical Co. Ltd.) on
haulms at 3lb a.i./acre on 2 August; and L, untreated. Haulms in treat-
ments A-G and L were unsprayed. Differences in percentages of haulm
destroyed by blight were slight: about 5Olwas destroyed by 13 August.
None of the treatments decreased the proportion of tubers blighted at
harvest (26 September), or afected yield; this conflicts with the 1965 micro-
plot trial, in which treatments corresponding to B and C deffeased the
proportion of blighted tubers. Possibly the fungicides were not put close
enough to the stems.

A similar experiment at Woburn failed because the crop, which was
evidently deficient in magnesium, was not attacked by blight.

Miss C. Frost kindly included our fentin acetate and triphenyltin
chloride dusts in her soil-ridge treatment trial with the variety Kerr's Pink
at Oak Park, Carlow, Ireland. Neither compound significantly decreased
the proportion of blighted tubers. (Mclntosh and Eveling)
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