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InEoduction

The year was notable for the mild winter, the long summer drought and the unusually wet
autumn, weather that was clearly reflected in t}le atypical presence, early appearance, and
exceptioDal abundance of many invertebrates.

Encouraged by the warm dry spring, aphid migrations started early and populations
increased rapidly in June while crops remained succulent. Many species far exceeded their
usual densities and then numbers declined sharply as host plants ripened and predators
increased. Perhaps the most widely noticed insects were ladybirds which were common in
late June and early July, and from mid-July remarkably large populations built up,
especially in eastern England. Their larvae and pupae on potatoes led to many false re-
ports of infestations by Colorado beetles ! Large populations of adult ladybirds persisted
through August and September, seemingly aggregating wherever moisture was available.

Towards the end of summer and early autumn unusually large populations of several
species of cutworms caused serious spoilage and losses to vegetable crops, and as the wet
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autumn progressed, slugs, which had apparently been absent from the upper soil layers

throughout the summer, reappeared in Sreat numbers to intensify the damage to root
crops and attack autumn-sown cereals.

The change of Head of Department in April and the imminent completion of new la-
boratories in the South Building has inevitably stimulated a reappraisal ofpriorities and a
period of forward planning. In broad terms, the Department will continue long'term
iesearch on fundamental biological and ecological topics, maintain an adaptable response

to current pest probl€ms, and try to anticipate new ones that may arise as a result of
changing culturat practices. Over the years, the fund ofknowledge built up in the Depart-
menion cereal insects, the soil fauna, honeybees, insect pathogens and airborne popula-

tions will be used as a basis for the gradual introduction of new studies appropriate to
modern agriculture. Several changes are already planned.

Sporadic outbreaks of pests as, for example, occurred this year with cutworms, present

a problem for tbe continuity of res€arch. Unless interest in the factors that cause popula-

tions to fluctuate is maintained long enough for research to be productive, the next time

an'outbreak' occurs no improved measures will be available to combat it. Thus, a com-

mitment to long-term studies of population changes is essential, and to those already

established will be added studies on cutworms and leatherjackets based on the wide back-

sround of surveying knowledge and insect Pathology in the Department.- 
The solution oflDany pest problems requires a multidisciplinary effort, and this ap-

proach will be pursued vigorously. The highly successful work on aphid surveying in the

b"pu.t."nt, und the new methods for detecting andcategorising resistance to insecticides

in aphids developed in the Insecticides and Fungicides Department, provide an oppor-

tuniiy to link these projects in a common effort to counter the increase in resistance to
pesti;ides. We look-forward to a geneticist joining the stafr to work on the immediate

problem in aphids, and to start long'term studies otr the mechanisms-of spread ofacquired
;haracters within local and regional populatiotrs of pests. Links with the Insecticides and

Fungicides Department will also be extended through more joint work on behaviour-

contiolling chemicals to include studies on moths, wheat bulb fly, honeybees and slugs'

Assessrient of the efects of pests on yields will continue as part of the Station's wider

multidisciplinary studies on maximum yield already in progress on field beans and con-

templated for ceieals. The growing awareness ofthe need for nitrogen economy in agricul-

ture will be reflected in further studies, with the Grassland Research Institute, on the role

of insects in the establishment and persistence of clover in grass/legume swards, and on

the p€rsistence of high yielding varieties of ryegrass.
C'hanging cultural mithods ire always likely to produc€ rnexpected pest problems To

anticipaie ihese, work on the effects of direct drilling and minimum cultivation on the

whole spectrurn of the soil fauna will be intensified, alongside a completely new involve-

ment with the Glasshouse Crops Research Institute and the Game Conservancy in a study

of the entomology of the farming systems on the Sussex Downs centred on North Farm'

The economiJimplications directly underlying many of the Department's projects will
be assessed frequenily to ensure that its work remains releyant to agricultural needs and

to assist research findings to be implemented.
This year, some of thi senior staf's time has been taken up with planning the internal

fitmenti and equipment for the new Entomology quarters in the South Building. Its com-
pletion in Spring i97? will enable the whole Department to be housed in one building and

provide improved facilities.

Basic biology anrl behaviou

An understanding of the biology and respons€s ofindividual animals is usually a necessary

basis for more applied work. At present, the responses of slugs to plant extracts and the
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physiology of mucus production are being studied in the exp€ctation that ttrey will even-
tually lead to more effective methods of control. Similarly, successful screening of insect
pheromones for monitoring pest populations is eDlanc€d by an appreciation of the sen-
sory receptors involved, and the use of male Doth sex attractants to time applications of
pesticides requires detailed information on rates of egg development.

The respome of slugs to aqrcos plant exEac,ts. The responses of ,{ griolimax reticulatus
to aqueous extracts ofthe leaves ofplants occurring in their natural habitat continued to be
assessed. The attractiveness of leaf extracts of three plants that were not eaten by the slugs
were each compared with water as an alternative in a modifiedY maze (Rothamsted Report
for 1975,Partl,l30). Extracts were prepared by macerating the equivalent of20gdry weight
of leaves in 100 ml of water to gjve a 20%aqueous extract. Plantago lanceolqra extract
was barely less acceptable than water, b]ut Convolvulus sepium exiact was considerably
less acceptable @ : 0.05) and Hedera helix mtch less so (P : 0.001). In the field, these
plants may be avoided because water-soluble constituents are detected by the slugs in the
moisture filn that covers the leaves when slugs are active.

The ac.eptability to slugs of aqueous maize meal extract has been demonstrated
(Rothamsted Report for 1975, Part l, 130) and extracts using three different organic sol-
vents have now been tested. Dichloromethane and hexane extracts were slightly more
acceptable than water alone; ethanol extract was less ac.eptable than water. Maize meal
remains the most acceptable plant mat,,ial to A. rcticulatus so fat lested and the geatest
response is elicited by the water-soluble constituents in it. Generally, the investigations
have shown that aqueous extracts of the leaves of most of the plants present in the slug
habitat are acceptable to them. (Stephenson)

Atrtenml morptology of pee motts. The morphology, histology and distribution of the
sensilla on the antennae of both male and female pea moths have been studied using liglt
and electron microscopy. Six main types of sensillum have been identified. four of which
are probably olfactory (Sensilla trichodea, S. basiconica, S. awicillica and S. coeloconica).
The S. ttichodea have been shovn to be the sex pheromone receptors in other Lepidop-
tera (e.g. silk moth) and in male pea moth these sensilla are boih more o,lme.ous and
much larger than in females; electroantennographic work indicates that females cannot
smell their own pheromone with their antEnnae. Sensilla were measured using a euanti-
met 720 Image Analyser which provided accurate measurements of these curuid hiir-like
structures.

The distribution of some sensilla is surprising, particularly of the clearly olfactory S.
auricillica which ocnur abundantly underneath scales on the dorsal surface of the antennal
segments. The effect of the scales on the air-flow and movement of odour molecules
around the antennae needs investigation. (Wall, with Jones and Turner, plant pathology
Department)

Rste of egg deyelopment in pea moth. If pheromone traps are to be used successfully to
time pesticide applications against pea moth, knowledge of the rate of egg development
is needed to predict hatching dates following meaningful catches of adults in cropi.

In the laboratory eggs were incubated at a range of constant temperatures between l0
and 34"C, and at different fluctuating regimes approximating field conditions in June and
July. Development at constant temperatures over the range l0-28"C was 5l-54 days and
was lG6\ slower than at fluctuating temperatures with the same mean over a similar
range.

Several thousand eggs were kept in well-ventilated cages in a pea field and hatching
dates were predicted by relating local climate to laboratory-derived development curves.

t2l
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Comparisons of the accuracy of the predictions were made when the temperatures in thc
field were measured on site, and at distances of 150 m and 8 km away. These proved
correct, at best, to within - I day (i.e. I day early) and to within -3 days in unusually
cold weather. These relatively small discrepancies in estimating the duration of the G24
day incubation period suggest that hatching can be predicted from daily mean tempera-
tures with acceptable accuracy. (Lewis and Sturgeon)

Pest detection antl surveying

Information on the presencc and size of pest populations is vital for planned pest control,
so much of the Department's effort is deyoted to devising methods of detecting, and,
where possible, giving early warning of the arrival of pests. On a regional scale the Roth-
amsted Insect Survey continues to monitor aphids and a few other airbome pests and
beneficial insects with suction traps. On a more localised scale, pheromones now provide
promising prospects for very early detection ol single species.

The long-term studies on the population dynamics of moths using light traps have
continued, with particular emphasis on the effects of changing agricultural practices and
land use rcflected so sensitively by these insects.

Suction tap suveying

Sa,mpling sirar. The increasing reliance of the Advisory Services on information on
aphid occurrence provided by the system of suction traps has enhanced prospects for a

more comprehensive coverage. With the current need for more information on potato
virus epidemiology, the Department of Agriculture and Fisheries for Scotland have

established their own aphid survey unit by adding sites, at Stirling, in the Central Low-
lands, and at Musselburgh, in East Lothian, to the existing site at East Craigs' Although
identification will be done at East Craigs, Rothamsted will help maintain present stan-

dards. These new sites will improve the east-west projection of aphid maps in the area

and the definition of the distribution of the peacb-Potato aphid (Myzus persicae) a,J.d

other potato aphids. Similar interest in new secd growing areas in Cumbria, Wales and

Lincolnshire demands more detailed information than Rothamsted can provide without
additional stafl. A new trap is now operating at Belfast but is not included in this year's

records.
Interest in aerial aphid sampling is increasing also in Western Europe. There is one trap

in Denmark and three in Sweden; a second trap may soon be running in Holland, France
is intercsted in a programme for six sites and Norway has been trying to finance a trap
for some time. Thi increase in insecticide resistanc€ in aphids is undoubtedly responsible
for much of this concem to increase the knowledge and understanding of aphid distribu-
tions. (Iaylor, French, Woiwod and Cole)

Aphids. Dulrng 1976, 30 Bulletins were issued. Details of the catches for 33 spccies

are listed in Tables I and 2, and it Rothamsted Report fot 1976,Part2,196).
After anotler mild winter, aphid migration increased rapidly at the beginning of May.

The first individuals of most species arrived early, and the summer migration, encouraged
by the hot, dry weather, was, in general, three to four weeks early. (Table l, see p. 137.)

Numbers declined sharply at the beginning of July when crops ripened and predators
increased. Autumn migrations were smaller than average, but larger than in 1975. (Table
2, p. 138.)

The peach-potato aphid (Myzus percicae) appeared in the southem traps at the end of
April, thee to four we€ks early. It inffeased rapidly in the Midlands and south, more
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slowly in East Anglia and the north, and reached a maximum at the end of June in
England, two to four weeks early. The peak in Scotland came two weeks later. The Mid-
land region overall had more than six times, and Shardlow twelve times, as many as usual.
In the north, fewer than usual were caught, though they were very early.

The potato aphid ( Mauosiphwn euphor6iae) was slightly morc common than average,
except in the north, and early everywhere except in the Midlands. It reached a peak in
early June in the south, at the end of June in East Anglia and at the beginning of July
further north, becoming abruptly less common in the second week of July.

The rose-grain aphid (Metopolophium dirhodum) was also abundant, especially in the
Midlands and south-west, reaching a peak three to four weeks early, in mid-June in the
south, at the end of June in the Midlands, and two weeks later in the north.

The grain apbid (Sitobion avenae) was even more common than M. dirhodum. lt was
most abundant in the Midlands, where catches at Shardlow and Preston were eight times
above average. As with M. dirhodum, the south€ast had fewer than elsewhere. It reached
a p€ak at the end of June in England, and two weeks later in Scotland.

None of the other cereal aphids were abundant. The total ,l.tmber of Rhopalosiphum
padi caught was average for tle year, except in the south-west, but the summer migration
was at,?ically large whereas the autumn migration was small.

The cabbage aphid Breicoryne brarJica? 1ryas common and early everyrvhere, particu-
larly in the Midlands and north.

Survey samples of the beech leaf aphid (Phyllaphis fagi) ar'd elmleaf aphid (Schizoneura
ulmi), the sycamore a'phtd (Drepanosiphum platanoidis) and the green spruce aphid
(Elatobium dbietinum) have been used in the Forestry Commission publication Iowards
inte$ated conlrol of tree aphids (HMSO) by C. I. Carter.

Bean aphid (Aphis fabae) migration was well below average, although slightly larger
than 1975, and early in the south-east. The small autumn migration, similar to 1975
despite suitable weather for flight, suggests that bean aphids will not be a serious problem
in 1977. (Taylor, French, Woiwod, Cole and Dupuch)

A, forecast for A . fabae infestations on field beans made annually from egg counts and
numbers of aphids on spindle trees, also indicated that this pest would not be serious in
1977. (Fletcher, with Mr. M. J. Way, Imperial College, London)

During the year some other groups of insects have been sorted retrospectively from
suction trap catches to provide an insight into the many uses to which the survey catches
could be put were staff available to examine lhem.

Diplera. Flies were abundant. Bibionidae were common, particularly in southern
traps, and catches were dominated by D ilophus febrilis arLd D. femoratus, Bhio spp. being
uncommon eyerJ.where. Other grassland and cereal pests well represented where Chloro-
pidae, including many of the frit ny (Oscinella fr,?) compler and a few Opomyzidae.
Agromyzidae were common. By contrast, Tipulidae occurred rartly; even during the
1974 otibreak of Tipula paludosa, only occasional males were trapped showing that these
high-level traps are unsuitable for tipulid studies. Similarly, no wheat bulb fly were found,
although adults are eught in groundJevel traps and occur in traps as high as 3 m.

The common blowfly, Calliphora llic.'ru (better known as C. erythrocephala) ocrluned,
regularly. It has two peaks of abundance, one small in spring, the other much larger in
September and Octob€r. Catches are entirely of females in a uniform reproductive state,
apparently just prior to oviposition. Blowffies of the genus Irc rc (whose larvae cause
sheep myiasis) are rare and highJevel traps provided little information on their phenology
or population dynamics. Information on the distribution and phenology of Ceratopo-
gonidae, Simuliidae, Culicidae and Chironomidae is also available. (Bowden)
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De$hac lu and Cicadell lae. I*afhoppers are frequent and catches include Javesella
pellucida, vector of European wheat striate mosaic virus, and Mauosteles spp., vector of
asteryellows mycoplasma. (Bowden)

Scolytidae. Bark beetles, including Scolytus muhistrial/s, vector of Durch Elm
Disease, occurred often enough to suggest that further examination of catches would
provide information on their phenology and the weather associated with high-level flight
and dispersal. @owden)

Labbitds. In 1976, over 2000 ladybirds (Coccinellidae) were caught in the Survey
suction traps. Abovt 63y. were 7-spot (Coccinella 7-punctata) alnd 32% ll-spot (C.
I l-punctata). Other species, such as 2-spot (Adalia bipunctata\ and lGspot (Halyzia 16-
guttata) vrcrc no more abundant than usual. The unusually large numbers occurred mainly
in eastem England as far north as Newcastle (mostly 7-spot) and of the westem traps only
Long Ashton caught many, mostly 7-spot. Very few were caught in Scotland.

Regular catches of the two main species began in late June and early July, and rose to
peaks, for both species, in mid-July oyer most of southern England. At Long Ashton
there was a distinct peak in the first week ofJuly, ten to fourteen days earlier than in other
soutlern traps. In north-east England, maximum catches of I l-spot occurred in late July,
of 7-spot in early August. In half the traps 7-spots dominated and were exceptionally
abundant at Writtle, Silwood and Long Ashton; I l-spots were more common in the
other traps, notably at Wye, Shardlow and High Mowthorpe. (Bowden)

Light trap srvefng
Molis. Following the exceptional autumn and warm winter of t975 and the unusual

spring and summer weather in 1976, the year's light trap catches are atypical in many
respects, with many species appearing early. For example, the common quaker moth
(Orthosia rraDflri), normally expected in March and April, appearcd in Devon on 25
December. Several records ofsecond generations were noted, when in more normal years,
only one occurs (see also Rotlomsted Report for 1976,Pan 2,212).

Numbers were generally much larger than usual, and an exceptional emergence of
many species occurred in south west England around the end of June and beginning of
July. Great increases in numbers of the heart and dart moth, Agrotis exclamotionis were
reported in traps in the area. Rosewarne (Cornwall) catches for this species in 1975 were
no higher than l5 on any one night, but exceeded 400 on one occasion this year. Yarner
Wood (Devon) reported similar increases, from usually no more than zl4 to over 1300.

Reports ofother cutworm pests, from East Anglia particularly, indicate that counts will
be high when sorting is completed. (Taylor, French, Woiwod and Nicklen)

Leatherja.kets. Catches of adult Tipula paludosa in two light traps at Rothamsted
showed a slight decrcase in numbers to lllT in 1976, compared with 1384 in 1975 and
I152 in 1974. The very dry summer delayed first appearance of adults in traps until early
August, compared with mid-June in previous years, and numbers remained small until
late September. Following rain, there was a large emergence in the last two weeks of
September, rvhen 80% ofthe total catch occurred. In the last week ofthe month 40% of
the catch were females; most had normal, fully developed ovaries or had already laid.
Soil conditions were favourable for oviposition, survival of eggs and larval development,
so large winter populations of leatherjackets are expected. (Bowden)

Presentation and smlysis of Survey datr. The SYMAP V contour mappiBg program
(Laboratory ofComputer Graphics, Harvard) is still used extensively for visual represen-
t24
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lation of the data, so program sequenc€s were devised to improve the routine production
ofdistribution maps, to make mean and difference mapr, und to mearure .ap areas and
values along transects.

- -Mean 
and difference maps have been produced for the migrations of Aphis fabae,

Myzus persicae and most of the cereal aplids to provide an iniight into the spatial re_
distribulion and overwintering success in these species. Annual-and ,"ueo_yiur ,,"ao
density distribution maps are availabre for analysis ior over one hundred species of moths
caught in light traps. (Taylor, French and Woiwod)

Pheromonal monitoring for moths

Se-x atta.tqtts, _ Following the discovery of two synthetic sex attractants for male 1rcamoth (Rothamsted Report for 1975, pafi l, 123-124), trapping experiments were done
during 1976 to examine the effect on catches of dose ind flrmu-lation, weathering of the
lure, and the addition of possible synergists and inhibitors.
__(E,-E)-8,10-dodecadienyl acetate proved a much better attractant (when fresh) than
(E)- I Gdodeccnyl acetate (P < 0.001); even lures containing only 0.1 pg ofthe former on
rubber caught as many moths as ttre best lure containing (E)_lGdoOeinyt acetate (1000
pg on rubber). There was no distinction between formulitions on fresh rubber and poly-
thene of_eith€r attractant, except (E,E)-g,lGdodecadienyl ac€tate at 0.1 pg.
. The effectiveness of (E,E)-8,lG.dodecadienyl acetate ;s an attractant decreases with

time, and deterioration is more rapid on polythene than on rubber; even one week old
doses on polythene are less effective than frlsh ones. Weathering for up ro three weeks has
no-effect on the activity of (E)-lGdodecenyl acetate, whether-formurated on rubber or
polythene; however, the l00pg dose on rubber (used iD the experimental monitoring
scheme this year) was much less effective than the other lures teited (p < 0.0f to p i
!^p-l) (viz. IOOO pg on rubber, 1000 and l0 000 g.g on polythene). Rubber lures with
1000 pgof (E)-lGdodecenyl acetate are recommended for-future usi in monitorirg t.upr.A wide range of compounds, most of which had elicited electro_antennografhic re-
sponses in male antennae, were teste-d for synergistic or inhibitory properties wlen placed
in traps containing one or other of the atirac6nrs. Only (Z) a;d (i)_S_dodecenol were
srgnificantly synergistic, but seyeral strong inhibitors *eie iouna, notiUly (e and (E)_g_
dodecenyl ac€tate which^virtualy eliminated any attraction to 

'traps 
coniaining eiiher

attractant. (Wall, with Greenway, Insecticides and Fungicides Department)

- 
P!1r_oy1ne tap design. Six modifications of the triangular trap (Rothamsted Reporl

for 1975,Part l, 124) were compared in tbe fierd against tlhe standird model in an eirortto improye its effectiveness. The traps were used with either clear or opaque inserts
mounted nomally or inverted, or with water trays replacing the sticky plaie, or with an
attached polystyrene yane to keep the long axis of tt i trap ijigneO with the wind. Lures
were also suspended over sticky plates protected from the weather by a flat aluminium
roof.

The two versions with the sticky surface above the lure caught a total of only seven
moths. Catches in the other variants were all much larger (20d-300) and no significant
differences were found between them during a period oithree weeks. The waterirap, as
expected from previous experience_, caught the-greatest number and the lure suspended
over the sticky plate caught many insects other than pea moths, which might coniuse an
untraitred operator.

The effect of trap size on catch was also tested. Traps were scaled, retaining the original
grgportiom_ but having sticky areas of 45 cm2, 90im2, 180 cmd (standar-E, 360imz,
5,lO cms and 720 cmz. Increasing the trap size above that in current use did not produce
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an increased catch, although on the basis of catch per unit area the trap of half standard

size caught most moths'-- 
ini"."ai.p.ot.. tizes, of surface area of 30, 790 and 3160 mm2, and each made of the

same materiat and bearing thc same amount of attractant, were compared' Within this

size range, catch was unaffecled by the area of the dispeoser, 
-

On th-e LuiOence of these experiments the design of the original simple triangular trap

seems adequate for monitoring pea moth. (Macaulay and kwis)

Monitodngtrislsforpearroth.lnco-operationwiththe-AgxiculturalDevelopment
uJAoriroi servi& (Apes), the Processors and Growers Research orgalisatiorl-lng
iu..".r, z+ p'ulr. of traps baited with (E)- I o-dodecenyl acetate were operated. in pea fields

ilro"ghoot iurt.- ard southern Englind. At three of these sites an additional pair of
traps was placed in flelds of wheat after p€as. 

.

,i,t seven sites p€a plots were treated with single sprays of 'Gusathion MS' (azinphos

rn"tftyf pG a"rn"ton-'S-methyl sulphone) at four-day intervals on a pre-arranged schefulg

"i*i"riOo. 
dates. It was hoped ihat this trial \yould demonstrat€ a'best control date'

*ti"f, ,norfa be fioked retrospectively to a level of moth numbers in traps to establish a

th-reshold catch from which to time spraying in future years''-n-;ilap;il 
in traps a fornight e;ru;r tban. experted from the experience of pre-

uiou. u.u.i und the sDrav ttiat gurl little us€ful information' The extraordinarily hot

*."tiii""a.rut aty acc6untea io. ttre early emergence and may have been responsible

foi tne ineffectivene;s of the insecticide. Nevertheleis, the monitoring trial demonstrated

iUuiin"r" *u. oo 
"dvantage 

to be Sained from siting traps in emergence sites rather than

,""'A.tat, and that by usiig the trips it was possible to predict an infestation more posi-

I"lv,.-t*, 
""0 

;in a gieat deaftess effort, than by the existing method based on egg

counts. (Macaulay)

Pest Popul|tions rd rlamage assessment

The presence of a pest in a crop does not necessarily mean that- c-ontrol is worthwhile'

oil;;;;.;g" done is unimiortant and the eventual loss in yield is so small tlat the

"*o"ose 
of treaihents with pesiicide is unjustified. Thus, considerable effort is made in

#-Ddil;;i a; ;sess tie effect of pists on gowth of plants and crop losses' At
piir*i, tnt"" 

"..ps 
(oilseed rape, field beans and winter wheat) are being studied in- the

i"id f.;- tbi. p"int of view, supported by growt-h room studies on the inter-relationships

between infestation by leaf-feeders and yields of root crops'

Oitseert rape' A survey has been made ofthe damage caused by pollen beetles (Meligethes

;r;;d;;e t""a t"."rltt (Ceuthorhvnchus assinrrTrs) to 19 crops of winter rape and 22

crops of spring rape in south'central Englaod'*;i;;d;t 
;"dh;*"rs that rail to set-fall from the plant leaving podless stalks' This

aulnui" ftut t..n 
"ttributed 

to pollen beetles. Although up to 23 nd 20% podless stalks

were iound in winter and spring crops, respectively, the Perc€ntage present was not

*rr"l"t"d with the seed or poO field of ptanis, the farmer's yield, the number of years

iup" nua too gto*, on thifarm, or the iocation ofthe crop' The percentage ofpodless

staks is unllte-ly to be correlated with pollen beetle abundance, because the mean p€r-

centage was similar on winter and spring rape, although pollen beetles are relatively more

abuniant on the latter. The percentages of podless stalks at the edge and centrc of crops

were also similar, although iollen beetles are usually more abundant at the edge' Prob'
ably, some podliss stalki divelop for reasons not associated with pollen beetles' The
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presence of podless stalks did not diminish yield, and plants can probably compensate for
more-damage to buds and flowers than was seen in the presentiurvey.

In lightly infested crops usually more seed weevils weri present at the edges than at the
centres, tut the opposite tended to occur in heavily infested crops, probabl/because adult
populations spreading from the edges converged at the centie ;f fields. Benefits from
ins€cticide treatment of the borders may therefore be relatively greater in lightly infested
crops.

In winter rape crops infestation ofpods by the se€d weevil increased with the number of
years rape had been grown on the farm, but this was not so for spring rape. No correla-
tion was found 

-betw_een 
the frequency of insecticide applications iod'crop yield, but the

number of applications made to spring rape crops was positively corrilited with the
number of years rape had been grown on a farm. (Free ind Williams)

Populations s l Iife history of sitona lincatas rt Rothamsted. preliminarv studies were
made on Stackyard sown to winter beans, and Little Hoos, sown to sprinj beans. popu_
lations of adults were monitored using water, pitfall and tile traps placedbetween rows
of beans. The overwintering adults became aciive early in Aprii, and although catches
decreasedtemporarily in rainy, cold weather, uumbers increased gradually untii-late May,
after which there was a sharp decline until the new generation of;dult beetles emerged in
early July. Couns offeeding-notches in the leaves showed a similar pattern. Al[ the mea_
surements depended on both the number of the beetles present and iheir activity, so can-
not be used to estimate popuration size. The increasinA catches in the earry purt of th.
season were probably caused by rising temperatures, and the subsequent ripid dectine,
by mortality.

_ Adult females captured in the field were laying eggs freely on l5 May, when observation
began, but had ceased by 7 June.

. Only roots of_the spring-sown crop were examined for larvae and pupae. The first in_jured root nodules were found on 18 May, and the first larvae ot 2i liay. Numbers of
larvae increased rapidly to a peak of l3 per plant on 2 June, but then dectned. None were
found in root nodules after 17 June and none in surrounding soil after 2g June. pupae
were found on all sampling dates between l7 June and 5 July. irewly-emerged adurts wire
found near roots on 24 June and the peak emergence occuired abJut the12 July.
, The rcsults suggest there were about 5 x l0olarvae ha-1 on the Little Hoos;ite, but

that fewer- survived-to the pupal stage, when there were only about 6 x lS ha-l. (Iiard-
ner, Fletcher and K. Ewen)

Wheat bulb fly
Egg couts,. Populations ofeggs in fields on Rothamsted farm in the winter or 1975-76

we_r.e generally low. Stackyard fallow had 0.75 million ha-r, Great Harpenden fallow 0.25
million ha-l but Broadbalk fallow had a larger population of 4.27 million ha-l. Larval
populations in the spring were all less than 0.5 mi[i;n ha-r so further detailed studies of
survival rates ceased. (Fletcher)

P\enoloSy orul egg matuatiorr. Adult wheat bulb flies started to emerge on lg June
on Stackyard.field; 

_peak emergence oc.urred between 30 June and 3 Ju'iy. More flies
emerged than in 1975; the mean density was equivalent to 3lg 000 ha-I. Foithe fust time
for severaly-e-ars Phygadeuon sp. (Ichneumonidae) a parasite of wheat bulb fly pupae was
common (9000 ha-l).

Wheat bulb flies were collected by sweeping winter \vheat at Whittlesey on g July and
a few laid eggs during the following days in the laboratory. By the next week, mori flies
were mature, and of those collected at Earith on 22 July, 501were mature ana+ZTt ad
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already laid their eggs. At Rothamsted, flies cauglt in the light traps otr 16, l7 and l8 July

had already laid thiir fust batch of eggs and by 6 August the second batch was ready for
laying. During ttre hot summer, therefore, most eggs were laid before the end of July,

one to two weeks earlier than usual. (M. Jones)

Effects of leaf-eating ins€c'ts on tle groYlt stril yielt of rmt soPs. Growth room studies

have been resumed, using larvae of the Diamond-back moth, Plutella maculipennis,

feeding on turnip. There aie four instars of approximately equal length, but it was found
that oier half thi total amount of food required is eaten during the last instar, which lasts

three to four days ar2C-25'C. There is a linear relationship between the age of the larvae

and the logarithm of food consumption. Studies are continuing on the time spent feeding

under vari-ous conditions, and on ihe effecs on yield of altering the competitive relation-
ship between plant growth and the rate of destruction ofleaftissue by insects. (Bardner

and Fletcher) 
P€sticiate o.e

Two main aspects ofpesticides investigated in the Department are their direct use for the

control of peits withihe resulting effeits on yields and, in the long-term, their effect on

the environment in general, and on soil organisms in particular.

Cotrtrol of soil p6ts
Efects on yickls offukl bcoas ofconfiolling Sitona lcrvoe-' Since 1969, 16 field experi

meits have ircen 66ie with soillnsecficides controlling Sitona lawae at Saxmundham,

Wobum and Rothamsted. The insecticides and rates used varied from year to year, but

included gamma-HCH (gamma-BHC) at 2'244'48 kga.i. ha-1,-dieldrin at l'12-4'48 kg

u.i. na-,, 
-aoO 

aldicarb ii 4'48-10 kg a.i. ha-1. Percentage yield increases compared with

untreated plots were: HCH 4'0-41'l (mean 97.)' dieldrin 0'35-12'30 (mean 6'/) and

aldicarb 0'i127'l (meart 32%). Yields of untreated plots Yaried from 0'63-3'73 t ha-r
(mean 2'46 t ha-1), while larvii numbers p€r root on the untreated plots varied from 3'3

io 29.0 (mean ti.i taruae per root). Aldicarb was more efective in controlling larvae

than either HCH or dieldrin, but it also affected nematodes and foliage-feeding insects;

however, the results of treatment with HCH and dieldrin, show that controlling ^sirono
ioruua f"", a useful increase in yield. Residue problems make the commercial use of
ihise tio materials unacceptable ind aldicarb is too expensive, so work is continuing to

find a satisfactory and economic insecticide to control this pest. (Bardner and Fletcher)

Control of Sitorrt hnae afiackittg toots of field 6eczs' A .Tethod for the selective

control of,iitora larvae is needed to replace dietdrin in the multidisciplinary experiment

on factors affecting the yield of field &arrs (Rothamsted Report-Ior 1976, Paft l, l5O)'
gotn dieldrin anO ECH (BHC) applied to the soil control Sitozc larvae, without affecting

touug" p.rr; but they leave undisirable residues. A range of moderately persistent soil

inseciicides were therefore compared with dieldrin, and chlormephos and fonofos applied

* 2.24 ard 4'48 kg a.i. ha-r were the only ones comparable in effect with it' (Bardner

and Fletcher)

Corrtmt ofsee.llirg Pests ofsagsr beet. The main seedling pests ofsugar beet are pigmy

mangolcl beetle (Alomaria liniatus), spinglatls (Onychiurus am9tus), millipedes and

ry.p'hylid.. Ar part of the co-operative experiment ofthe International Organizatiol for
tiiotogi*t Contiol of Noxious Pests and Diseases (IOBQ, Integated Control of Soil
Pests 

-Group, 
two experiments were laid out with the following treatments : I , no insecti-

cide, no herbicide; 2, aldicarb (l kg ha-r), no herbicide; 3, BHC (l kg ha-r), no herbicide;
4, no insecticide, herbicide; 5, aldicarb, herbicide;6, HCH (BHC), herbicide.
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The aim was to investigate the impact of commonly used pesticides on the whole crop/
soil system. At the treated sites, populations of as many organisms as possible weie
assessed throughout the seedling stage of the sugar beet. Observations and assessments
were made on seedling emergence, loss or damage, disease infection, populations of nema-
todes, micro-arthropods, slugs, millipedes, symphylids, spiders, Atomoria and carabid
and staphylinid beetles. Attack by virus yellows and lelds were also recorded. The in-
secticides almost invariably increased yields and the extensive nature of the experiments
enabled the components ofyield loss to be assessed. (Edwards and Lofty, with Dunning,
Broom's Bam)

h vertebtates and pastarc prodt ct'yiry. Investigations into the effects of insecls and
other invertebrates on grassland productivity were continued in collaboration with the
Grassland Research Institute, Hurley.

Pest damage atd ataual grass growth psttern, Weekly measurements of the growth
rates ofa sward of S24 prennial ryegrass treated with the insecticides aldrin and phorate
were compared with measurements made on untreated parts of the same sward. The
growth rate ofthe treated sward exceeded that of the untreated at all times, the diference
b€ing gr€atest at the beginning and at the end of the season, when grass was growing
slowly. There was an apparent correlation between the difference in iates of growth oi
the two swards and the density of stem-boring fly larvae in the untreated s*ard. lHen-
derson, Welch and Withers, with Mr. R. O. Clements, Grassland Research Institute,
Hurley)

Yarietal responses to pest damage. Swards of cocksfoot, timothy and nine varieties of
ryegrass were sown in Spring 1974, and part of each sward treated with pesticide from
that time. Annual dry matter (DM) yield of cocksfoot was only slightly atrected by treat-
ment,. being increased by l2\, buf the yield of timothy was increased by 23|l. All six
varielies 

-of 
perennial ryegrass yielded more when treated with pesticide, the improvement

ranging from 18 (cv. Barlenna) to 33olGv- S23). A more maiked effect was noted with
the Italian, hybrid and Westerwolds ryegrass varieties. By the end of this (third) year the
treated plots had produced amounts of DM similar to tlte previous year, while'the un-
treated plots had hardly any surviving plants of the sown variety. (Henderson, Welch
and Withers, with Mr. R. O. Clements, Grassland Research Institute, Hurley)

. Long4erm efed ofpesticide use ot perennial rJ,egrass. Continued application ofpesti-
cides to a sward of S24 perennial ryegrass, sown at Hurley in 1968, iniieased the annual
DM output for the seventh consecutive year, although prolonged drought reduced annual
yields to between 50 and 70 % of the average value for the previous seven years, the greater
reduction oclurring at the higher levels of N application. The trend of ihe previois two
years for yield response to pesticide application to diminish was reversed, ihe increased
output of treated plots over untreated plots exceeding that ofthe previous two years both
relatively and absolutely. The accumulation of a layer of undecomposed surface litter
with associated fall in soil organic matter content, and a decrease in ioil bulk density on
the pesticide-treated plots has continued, but has not yet had a detrimental efect on the
growth of established plants. (Henderson, Welch and Withers, with Mr. R. O. Clements,
Grassland Research Institute, Hurley)

Effecb of p€sticidcs on soil organisms

Pe*icidcs ttd the soil fruna. The work on diflubenzuron ('Dimilin') reported in
Rothamsled Report for 1975, Part l, 128 was sompleted. This pesticide had no effect on
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earthworm populations, or soil respiration and little effect on the breakdown of organic
matter in soils.

Three new treatments were applied to the long-term reference experiment on Apple-
trees field, namely fonofos ('Dyfonate') and two unregistered compounds, 'Duphar-
Midox PH6G4I' and'PH6G42'. None of these insecticides affected earthworms and had
little influence on the breakdown of organic matter- Fonofos was much more toxic to
most soil animals than the other two insecticides. All three chemicals decreased numbers
of surface-living beetles. (Edwards, Lofty and Le Brun)

Pesticifus oad soil respirurior. Laboratory studies of the influence of a range of pesti-

cides on the respiration of soil were made using soil respirometers. A1l insecticides tested

increased soil respiration for the period of the experiments (21 day$. 'Duphar-Midox
PHgl' and 'PH60-42' caused only very small increases, aldrin, dieldrin and benomyl
moderate increases, and chlorfenvinphos, parathion, thionazin and diazinon greater in-
creases. The effeots were dosage-dependent and occurred even when excessively high doses

were applied (up to l0 000 ppm). The evidence from fumigation tests suggested that
micro-oiganismi were using the insecticides as substrates. (Edwards, with Jenkinson,

Pedology Department)
Cultmel anll biologic.l control

Many pests problems can be Prevented and the harmful effects of others less€ned by
paying careful attention to cultural methods that encourage rapid plant growth,.or that
miintiin populations of beneficial insects and pathogens. Though crop protection will
continue to depend largely on conventional pesticides for many years, other approaches

to control thai can be developed to limit their use would be extremely valuable. Much
effort is directed, therefore, tb investigations in field and laboratory of methods that
could supplement, or perhaps occasionally replace, chemical control'

Cultu.l control

Strawbwning. The investigations into the effects ofbuming cereal straw on the surface

and soil-living-fauna were coniinued. Because ofthe dry autumn conditions straw residues

were much sl,ower to break down than in previous years, so many more surfaceJiving
animals rcmained on the burnt plots for a longer period than usual. (Edwards, Lofty
and B. Jones)

Efects o! dhect*illiag on the soil fauna. The long-term inv€stigations on the effects

of direct-drilling of cereals on soil animals were continued. Previous seasons' results were

confirmed, particularly the geatly reduced susceptibility of direct-drilled crops to stem

borers. Tests are undir way to establish the cause. Experiments sponsored by the Let-

combe Laboratory at End;field, Northfield and Compton Beauchamp and other field

trials organised Uy Nationat Institute of Agricultural Engineering at Rothamsted, Box-
worth and Sitsoe were monitored for microfauna, surfaceJiving artbropods, slugs, earth-
worms and stem borers. Results were coosistent with those reported in 1974 and 1975.

The work has extended into studies of the influence of the soil fauna on root Srowth in
direct-drilled crops. Measurements of roots at intervals through the season showed that
growth was much slower than in ploughed soil early in the season but later caught up.

Spring wheat was grown in boxes containing intact soil profiles from sites that had b€€n

direct-dri[ed for five years. Before sowing the seed by a simulated direct-drilling method,
the profiles were fumigated to kill all soil animals present and known populations of
arthropods and selected earthworm species were introduced in numbers repres€ntative of
tlpical populations. The growth of aerial parts of the plants was monitored regularly.
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After two months, the boxes were dismantled; some replicates were embedded and sec-
tioned and others were carefully washed to remove all soil from the roots. The soil animals,
especially earthworms, greatly encouraged root growth in unploughed soil by providing
cracks and crevices in the soil. (Edwards and Lofty)

Biological control

Carubids and cereal aphitls, A simpler version of the experiment described in 1975
(Rothamsted Report for 1975, Part l, 120) was done in 1976- plots lO X l0 m were sur-
rounded by polythene barriers (0.4 m high and l0 cm below soil) in late May. There were
four replicates ofeach treatment. In halfthe plots carabid beetles were trapped in dry pit-
fall traps, counted and released; in the other halfthey were trapped and ri:movea. (iieal
aphid populations were assessed at weekly intervals. As in 1975, strong negafive correla-
tions were recorded between numbers of cereal aphids pres€nt atrd beitles trapped,
especially for Pterostichus melanarius, Harpalus nrfi.pes and Agonum dorsale. 6dwaids,
with K. George, MAFF Plant Pathology Laboratory)

Maturation ofcorubful eggs. Female beetles caught in winter wheat on Stackyard Field
in-April after recent emergence from the pupa, were sexually immature, with theexception
of Notiophilus biguttatus. ln May, Harpalus aeneus females were ready to lay but most
Pterostichus melqnarius were old individuals that had laid the previous yeir. In July
Agonum dorsale ald Bembidion lampros laid. During August, some pterosticius melonarius
atd. P. madidus also laid, but many H. rufipes were still immature. Most p. melanorius,
H. rufpes, Trechus quadristriatus arrd Clivina .fossor had laid by September. As in 1975,
many mature male and female Nebria brevicollis migrated into the field and by the end of
September a few of these had also laid. (M. Jones)

- 
Other p_redators oad parasites of cereal aphitls. The cereal aphids Sitobion avenae,

Sitobion fragaria alad Metopolophium dirhodum appeared on winier wheat late in May;
and numbers increased rapidly during the hot, dry June. As soon as the ears appearei,
S. alenae colonised them, and ears, leaves and stems were heavily infested witi-aphidi
until the last week in June. The plants were rapidly cleared of aphids between 26'June
and 6 July,.probably largely due to predation by ladybirds (C. Z-punctata and propylea
l4-punclata) assisted by a few syrphid (Episyrphus balteatus, Metasyrphus coroilae,
Dasysyrphus lunuloras) and lacewing (Chrysopa camea) larvae and parasitis. Because oi
th€ many aphids available early in the season, perc€ntage parasitism did not rise above
I I until the. end_ of June but by 6 July only parasitiied mummies remained. Aphid
mummies collected in the field yielded m aidy Apiidius picipe.s plus hyperparasit"r. A-org
these, there were fewer Asaphes vulgaris and mote phaeioglyphis picipis (671of total\
compared with other years; Dendrocerus spp., and Attoxyita sp. were alio p.eseni
(M. Jones)

Entomophthora species aacking bean aphitls. Fungi of the genus Entomophthora
often_ kill many bean aphids infesting field beans, though usually too late to prevent the
aphids_from damaging the crop. In 1975, an attempt to introducethe fungi into the popu-
lation before it occurred there naturally, failed to increase the proportion of apnidi siU-
sequently infected. This may have been because the fungi were distributed too iate or too
sparsely, or conditions may have been too dry (Rothamsted Report for 1975, part l, 120).
A similar experiment was done in 1976. The aphid population was sparse, as in 1975,
ard was supplemented on 7 June with aphids reared in a glasshouse. Bi 15 lrne, 27 % of
the plants were infested with aphids. Entomophthora aphidis, E. fresenii, E. thaxteriana
and E. r'irulenta, in infected aphids that were about to die and disseminate fungal conidia,
were distributed on l7 June, earlier in relation to the development ofthe aphid population,
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and more densely than in 1975. Each ofthe distributed species of ,E t r omophthora was rc-
covered from the treated plots in liye aphids collected on 2l June. These aphids must have

become infected in the field because those providing the inoculum would have died by
then. However, on 28 June aphids were found infected only with E.lresmii and no more

tha'I' lO'% of individuals were attacked on any plot. On 5 July no infected aphids were

found. Only four of 2500 aphids sampled from control plots between 14 June and 5 July
were infected and three of these were infecled ulilh E. plonchoniana, a species that had not
been distributed in treated plots. The results confirmed the findings in 1975 that Ento-
mophthora spp. can be artificially introduced into an aphid population in the way de-

scribed. However, in 1976, they failed to spread further after starting to do so following
heavy rain on 19 and 20 June, probably because the weather became unusually dry, and
also because the aphid population diminished earlier than usual when large populations

of ladybirds arrived. (Wilding, Brobyn and Best)

Tlu efect olfangicitlcs on thc develoPrne ofinEcct parhogenic/uz3r. Fungicides used

to contiol plant paihogenic fungi may also affect fungi that kill insects. If so, the applica-
tion of a fungicide toi crop may allow an insect pest to multiply more than usual' A
series of experiments were started to determine the effects of fungicides on the develop
ment, rn vrrro and rz vira, of certain Ent omophthora species that are pathogenic for aphjds.

Germination of conidia of E. aphidis aad E. lhaxteriana decreased greatly on slides

treated with I and 101 suspensions of maneb in water and lO\ captan but notr ith
lower concentrations. Gptan at concentrations of O1\ or more and maneb at I f or
more prevented growth, and maneb at 0'01 and 0'11, retarded gorr,th of E' thaxteriana

on Sabouraud dJxtrose agar. The mortaity of Acyrthosiphon Pr'flm was not afected when

inoculated experimentalt with conidia of E. aphidis and E. thaxteriana and dipped 36-h

later into lOf suspensions of captan and maneb. However, spore discharge of E' aplidis
frorr infectediphids was prevenied by dipping the dead individuals in l0,ol suspensions

of captan and maneb, and decreased by dipping them in I f suspensions'

Evidently these fungicides are active i gaiiit E. aphidis ar,d E. thaxtefiana ard may well

diminish their effect on aphid populations in the field, althougl they are unlikely to

eliminate fungi that remain proleited in the bodies of infected aphids' (wilding and

Brobyn)
Honeybe€s and Pollination

The authoritative position held by rhe Department on bee diseases and pollination of
field crops has been maintained with funher studies on causes of winter mortality, virus

transmisiion, bacterial characterisation, potlination efficiency of honeybee colonies and

field experiments on pollination of runner and field beans.

Honeybee iliseases anil disorders

Yirus tliseases. Preliminary surveys have shown that bees falling dead from the winter
clusters of at least half the local live colonies contained much black queen-cell virus and

chronic bee-paralysis virus. Some colonies contained both Yirus€s. Black queen-cell virus
was also detictedln live adult bees from all seemingly healthy colonies sampled in spring,

and much of the same virus occurred in individual dead worker and queen pupae occur'
ring sporadically about the same time. This latest virus to be identified in bees (Rotham-

stei Report for 1975, Pan 1, 133) may, therefore, cause as much damage to colonies as

chroniC bee-paralysis virus, or any other well-known common pathogen. The incidence

of black queen-cell virus in live adult bees decreased markedly during the summer, but
the virus was still detected in about 20f of colonies in autumn. Sacbrood virus was also
detected, in the same bees, in about 60 % of colonies in spring and in about 20,"4 in
autumn.
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. 
Black queen-cell virus was probably mistakenly identified in previous surveys of colo_

nies found dead in wintet (Rotharnska Report foi t973,part r, zidi as acute uei-paralysisvirus, which seemed to occur commonly. riowever,'the ur,tir..u,, then used for-the
diagnosis was recently found to have a high titre against blaci tueen-ceff Urus as well as
acute paralysis virus. Since the two viruses are unrelated serologically, tfr" netooiogou,
titrc^was almost certainly due to contamination with black qu".-n-Ll virus of the slmi-purified acute bee-paralysis virus, used to prepare the antisa.,r. .uoy y.uru ugo- Accord_ingly,.tle natural history ofacute bee-parilysis virus is onc" mo." i" qir"rt;on-since it hasql ld:l:ffid with certainty only in seemingly healthy adult bees during summer.vrrus-rke particres that are lTnm in diam. and are associated with- chronic bee-paralysis virus (Rothamsted Report for 1974, .part l, I 16), usually multiplied n".y titti"
w.ne1 

lnjegte-a, with.chronic paralysis virus, into worker 
'bees 

ofa variety of agls-aJphysiological conditions, and were.not detected.when similarly ;n;""ea inio *o."t", pu-
pae,. even though- chronic paralysis virus multiplied in thesi. fowever, the assocLte

llt:,:-..-y]!+d ab,uDdanrly, when. injected with chronic paralysis virus, into queen
Dees 9r.?oy.agel ln:ludrng pupae, and it also multiplied very much in some drones. Ii was
especlary prentrrur rn the ovaries and testes of infected individuals. uncertainties, bothin obtaining bees free of it and in separating it completely from ctrronic puruiirii,i-,
preparations, have prevented the making of conclusivi te.ti tt at *orta e.tublistiwhethei
the particle is a satellite of chronic bee-paralysis virus. However, ii t ar ut*uys t.eo al-
tected with chronic paralysis virus and.no othgl vfrus in Uees, anJ it d.., ;;i ;;lti;iy
when purified and injected alone. (Bailey and Ball)

fucterial diseases, Bacteria resemblin-g Streptococcus pluton in cell morphology andnutritional requirements were isolated fiom lirvae, sent fro. lfiia, ot'i;i;'L;;-a
sufering from a disease resembling European foulbrood. A smal pioportion irtu" u"o
teria also produced colonies that resembled those of ,i. p/a ton fromianie of Apis mettifiia
with European foulbrood. However, most produced sman transparent colonies of v#ous
kinds, some of which resembled a type isolated previously froTn A- cerana (Rothamsted
Report fot 1272, P?rt l, 223), it that ihey did ooi ..uct *iih antiserum prepared against
s. p/r/on unless cultivated in media containing a special yeast extract. rniy inuttipri"J on
an agar containing this yeast extract to produie coioniesihat resembled thlse 

"i 
3. ;lr;;;ftom A. mellifera. Tests with fractions ofthe special yeast extract, separated by meins of

sephadex columns, indicated that the growth factoi was a smail m^orecure, sensitive to
acid-hydrolysis, and which dissolved much more readily in water than in chloroform.
(Bailey, 

-with Pierpoint, Biochemistry Department, 
"od 

Gre"o*ay, Insecticides and
Fungicides Department)

Detecthg stuted bees. Bees that have died from starvation have been shown to have
much less glucose and fructose in their thoraces than bees killed with an insecticiae oi uy
freezing. It may thus be possible to distinguish bees killed by insecticides from ones tha't
have starved.

In the autumn of 1975 several sampres of dead bees received had their honey stomachs
filled with solidified ily nectar or honey. By feeding to bees in the rauorato'ry an'gof,{w sugar solution with a sugar composition similar io that of ivy nectar it w.s connrmed
that th€ sugar could crystallise in the bees' honey stomachs, afier which they died. iow-
eyer, the dead bees_tad more sugar in their thoraces than bees killed by fieezing, so it
seems that death following crystallisation of food in a bee's honey stomaih is nottue to
starvation, but to other physiological.or mechanical causes. (Sihpson, with Greenway
and Stevenson, Insecticides and Fungicides Deparlment)
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Phercmoncs

Contml of qaeen rcairy by qcens. Further comparisons betwecn the success of the

n.J ri"g" oi 
":ttin"ial 

qudn ieaing in colonies with ind without queens have shown that

irr" U""int of queenleisness is greircr than earlier observations suggest€d' Rearing was

io-sg Z. u"otiful in six queeinless colonies compared with 0-l3l successful in six

coloniei with queens that had access to the queen cells.

Sealed (pupal) queen cells were put into a colony with a laying queen, whose access to

Oif".ent &Ui.isiestricted to diflLrent distances while that of workers was unrestricted.

itre workers di6 not attempt to destroy the queen cells unless the queen herselfwas within

5 mm of them. Thus, if deitruction iJ induced by the queen's pheromones' these appear

to be effective in this function only at very short range. (Simpson)

Pollin tion
In*easiag the pollinatiag eAdqty ol tnaeybee ctlonics' Honeybees foraging for

pou"o ur" iore eincient p6uii-ators of many crops than those collecting nectar only, so

ihat the more pollen a coiony collects the more effectively does it pollinate. The presencc

oi brooO stimulates foragers io collect pol le n so experiments were done to discover whether

increasing contact between foragers and brood enhanced pollen collection'

Hives iere provided with upper and lower entrances. In hives in which an entrance

opened directly on to the brood area of a colony, a greater p-roportion of bets using the

"itrao"" 
*Uoctea polen than when it opened on to an area of the hive with storage comb

onry, fn" proportion of pollen gatherirs could be diminished or increased by moving

brotd com-bs near to or fai from the entrance. Bees leaving the hive favoured the entrance

o"u,. ine t-oa. Hence, to stimulate pollen collection and pollination it is important that

t*"a 
"ot 

ro"". to a hive lead directly to nearby brood. Contact between foragers and

Liooa *", further incrcased with similar beneficial effects on foraging, in three w_ays:

ii) Ui ai.""tiog t" foragers along the floor of the hive, using a shallow entrance flush

*itn ine nooru-oara; (2) 6y extendiog the entrance as a tunnel as far as the brood combs

",*"t *et" at ;gti angfjs to it; an=d (3) by using narrow strips of wood immediately

under the brood combs to divert the bees on to them.
The use of two entran@s, a lower one adjacent to brood combs and an upper one

ad.lacent to storage combs, ihould also discourage the undesirable deposition of pollen

loids in storage 
-cells from which honey is to be extracted, .especially when a queen

"*aua"t, 
*t ici hampers the movement of bees through the hive, is pres€nt' (Free and

Willians)
Fickl beoa polliaatior. Attempts have been made to ass€ss whether the yields of com-

mercial cropi of field bean are fihited by insufficient pollination. Samples of plants in a

total of 37 ;rops werc self-pollinated and cross-pollinated by hand and their yield com-

pared with that of plants pollinated naturally.
The advantage si g1e55-pollination over self-pollination was small but in most crops

hand pollinated-flowers seimore seed than contiol flowers, indicating that insect pollina-

tion of field bean crops is often inadequate.
In fields of more thin 12 ha, the seed yield was greater on plants near the edges than at

the centre, probably reflecting $eater poliinator activity near the margins, and emphasising

the need for more pollinating insects in such circumstanc€s.
Fewer pods were produced from nodes at the upper than the lower Parts ofa stem, and

they contained fewer and smaller seeds. (Free and Williams)

Economic ,spects

For many years the study of relationships between insect Populations and the yields of
attacked crops has been an important part of the DePartment's work. The current eco-
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nomic crisis has re-emphasised the need to ensure ttrat work is relevant to the needs of
agriculture, so the ejonomic implications of the various topics studied in the Department
are being assessed. This will help in planning research priorities and objectives by indicat-
ing where our work is likely to produce the greatest practical benefits.
Slugs in agriculture. The first of these studies is part ofthe review on .Slugs in Agricul-
ture' published in Rothamsted Report for 1976, part 2, 169. This shows thal lossei from
attacks by slugs amount to fl.6-f3'6 millions a year for wheat and potatoes (at 1974
prices), which is comparable to the value of losses caused by wheat bulb fly. Although
losses-are a small proportion ofthe total value of these crops, Iosses to iudividual groweis
are often unexpected and sometimes large. During the last ten years the effects of ihanges
in the potato cultivars grown and in methods of cereal growing has increased the risk-of
damage to these crops, possibly by about 50fo. Many cropi that would benefit from
molluscicides do not receive them because of the difficutty of predicting attacks. This
cannot be don€ without quantitative data on slug populations, a deficiency that has also
hindered the development ofcontrol measures. (Bardner)

Oyerseas rork
Many members of the Department have experience of applied entomology overseas, and
advisory links funded by outside agencies, are maintained to the mutuaiLenefit of over-
seas agriculture and Rothamsted. Contributions to studies ofpest problems and beneficial
species in laos, India, Cyprus and Oman have been made during the year.

Plrnt pmtection in Laos. From 1973-76, the Ministry of Overseas Development
supported the creation of a Plant Protection Department and a study of the insect
problems of rice in Laos where a single annual crop of predominantly local, glutinous,
varieties.is grown. Samples obtained from I m2 quadrats, in sweep neis and light traps,
and by tiller dissection showed that the insect populations were generalty smali. Insecti-
cidal control is often impractical in Laos for economic and logistiCreasoni but fortunately
it was rarely necessary.

The most common Ixsts on upland ie were patanga succincta, Nezara viridula and,
l*ptocorisa spp.In crntrast, these insects were uncommon on lowland paddy rice where
there were more of the smaller grasshoppers (Oxya and Euscyrtus spp.l in the seedbeds,
and stem-borers (Seramia inferens arrd, Chilo spp.) in the transplanted rice. Other poten-
tially important pests, such as the ric€ gall midge (pachydiptosk oryzae) and. the whorl
mlggot (Hydrellia philippina), were uncommon except very locally.

Few cicadellids and delphacids were found on the local rice varieiies, whereas the small,
experimental plots of improved IR varieties were often more heavilv infested with
Nephotettix spp. and, Niloparvata lugeru

A light trap cauglht more of these insects during the warmer months than in the winter.
The results indicated that some pests (e.g. cicadellidae) become especially abundant when
the south west monsoon and its associated Inter Tropical Convirgence Zone approach
and retreat from South East Asia. (Dean)

Pollimtion of pigeon pee in Indir. observations were made on the behaviour of insects
visiting the flowers of pigeon pea (cajanar caTbz) during a short visit to the Intemational
Crops Research Institut for the Semi-Arid Tropics (ICRISAT), Hyderabad. This work
was part of a programme to deGrmine the isolation distances required between plots of
diferent 'normal-leaved' cultivars to prevetrt cross-pollination belween them. Iniects of
many different orders were captured on the flowers, but bees, especiall y Megachile spp.,
were.probatly responsible for most of the cross-pollination beciuse oi theiiabundance,
activity, behaviour on flowers, and the amount of pollen on their bodies.

Bees did not discriminate between .normal-leaved' cultivars with flowers of different
r35
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colours, but little cross-pollination occurred between plots of a 'normal leaf' cultivar and
an'obtuse' leaved onebecan* Megachrle spp., preferred the former whereas Apis dotsata
preferred the latter. (Williams)

Apisflorea in Omstr.. It has ber€n cotrfrmed that the westward distribution of this Asian
species extends beyond the Persian Gulf to Oman. In contrast to its behaviour further
eist, where it usually, if not always, nests in sight of the sky and absconds very readily
when disturbed, ,4./orea in Oman nests in caves and its colonies can be moved and easily
manipulated by beekeepers. (Simpson, $/ith Mr. R. Dutton, Middle East Centre, Dur-
ham University)

Mepping armyworm distrihltion in Cyprus. Data on armyworm populatiols collected
from pheromone monitoring traps in Cyprus has been used to explore the efects of alti-
tude on the mapping techniques developed in the Department for presenting information
on moth distribution. (Taylor, with Dr. D. G. Campion, Centre for Overseas Pest

Research)
Strff

We are pleased to record that K. E. Fletcher, N. Wilding and Ingrid H. Williams obtained
Ph.D. degrees of the University of London, and congratulate J. Bowden on his election

as an Honorary Life Fellow to the Egyptian Entomological Society. T. Lewis was awarded
the Huxley Medal and Prize by Imperial College.

C. G. Butler retired as Head of Department on 9 April after a distinguished career al
Rothamsted. He is best known for his pioneering studies on honeybee management, be-

haviour and pheromones, for which he was awarded the OBE and elected Fellow of the
Royal Society in 1970. He was succeeded by T. Lewis.

A. M. Dewar was appointed to work on the cereal ecosystem study at North Farm,
West Sussex and, to take effect in 1977, J. R. G. Turner to work on genetical and resis'

tance problems in aphids. D. D. Burke was awarded an ARC research studentship to
work on slugs-

C. J. Stafford resigned as a voluntary worker tojoin the Field Experiments Section and
R. G. Betts, M. Bigger, B. Carleton, Rita K. Chambers, Mary Creighton, Susan P.

Greenwood, Sally A. Hearn, Geraldine Le Brun, M. Gibb, Carol J. Marshall resigned

and Mary Short completed her studentship. J. E' Bater, Janice Cook, J. L. Doran, D. G.
Garthwaite and Adrienne K. Smith were appointed as assistant stafland K. A. Nicholson
as a voluntary worker.

We welcomed Mr. B. Papierok from the Pasteur Institute, Paris, to work for a month
on fungal diseases of aphids, and Professor R. Balasubramanian, an FAO Fellow from
the University of Agricultural Sciences, Bangalore, briefly sludied soil ecological methods

in the Department as part of a UNESCO/UNDP project.
P. H. Anderson, Karen Ewen, D. J. Radford and R. J. Sprott \Yorked as sandwich

course students for six months.
C. A. Edwards, J. R. Lofty, C. J. Stafford and K. E. Fletcher attended the VIth Inter-

national Colloquium on Soil Zoology from 20-29 June in Uppsala, Sweden, C' A'
Edwards to present a paper and C. J. Stafford a poster exhibit. In October and November
C. A. Edwards went to the University of Agricultural Sciences, Bangalore, India as a

consultant to set up a soil ecology department and organise an All-India Symposium,

and with R. Bardner, went to Gottingen, West Germany to organise a meeting of the

International Organization for the Biological Control of Noxious Pests and Diseases

(IOBC), Soil Pess Group which was attended by about 40 scientists. L. Bailey was an

invited speaker and chairman at a colloquium on honeybee pathology, aranged by the

Belgian iv{inistry of Agriculture in Gent. At the invitation of the Smithsonian Institute,
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J. Bowden visited the University of Cairo and the Eryptian Ministry of Agriculture, Cairo,
to study the collections of Bombylidae (Diptera).

C. A. Edwards, T. kwis and L. R. Taylor each pres€nted papers at the 'Xv Interna-
tional Entomological Congress' in Washington, USA; L. R. Taylor extended his visit to
give lectures and seminars at Kansas State University, University of Wisconsin and Iowa
State University. Neil Wilding visited the USDA, University of Maine in August and
Septemb€r to study aphid pathogens in the field and fungal taxonomy, and also attended
the 'Fi6t International Colloquium of Invertebrate Pathology' in Kingston, Ontario.

C. A. Edwards read a paper on direct-drilling at the 'Summer Conference of the
Association of Applied Biologists' in Edinburgh on 6 and 7 July. T. Lewis presented a
paper on pheromone trap design at a joint meeting, in April, of the Society for Chemical
Industry and the Association of Applied Biologists, and C. Wall gave a paper on beha-
vioural techniques relevant to control of pea moth at a meeting of the Association for the
Study of Animal Behaviour in July. 

TABLE I
Time of arrival of frst aphid in 1976 compared with mean dates /or lhe previous seven

years' calches, by regions
1975 days earlier (+) or

later (-) than meaD

All Mid- AII Mid-
traps SE lands N Sw
+lo +13 +14 +4 +15+2 +20 -8 -7 +6+8 +2t -4 +3 +14+7 +4 +6 +16 +6
+14 +16 -l +2i +5
+9 +7 +9 +10 +12+25 + 14 +25 +44 +28
+10 +12 +ll +12 +8
+13 +15 +10 +r3 +15
+5 +7 +4 +6 +8+8 +17 +41 -35 -3+4 +3 -7 +10 +7+4 +9 +5 +7 -5+5 +9 +8 +4+8 +ll +1 +15 +1
+10 +15 -2 +t7 +10+3 +l -6 +12 noDc+7 +13 +l +13 +5
-2 -4 -13 +14 -8-3 +ll -15 -2 -3+lr +9 +ll +15 +13+17 +18 -2 +29 +26
+19 +21 +13 +30 +14
+12 +13 +ll +8 +m
+15 +15 +9 +13 +21+27 +37 +t2 +35 +18+9 +ll +2 +12 +13+12 +4 +6 +12 +20
+ll +18 +5 +13 +14
-61 -& -87 -62 -55+t5 +14 +17 +17 +t7
+10 +10 +ll +15 +10+ll +6 -l +2s +16

SE : ADAS South-easrcm and Eastem Regions
Midlands - ADAS East and west Midland Regions and Laocashirc
N : Yorkshire, the A.DAS Northem Region and Scotland

Annual mean date of arrival

A. pisum
A. fobae grp.
,1phis spf.
A. rubi
A. sohni
B. helichrysi
B. broticae
C. a.gopodii
Cirura spp.

D. platarroidis
D, plantagi\ea
E. abielirum
E. ulmi
H. pruni
H, lactucae
M. euphorbiae
M. viciac
M. dirhodam
M.Iuslucae
M . ascalonicus
M. ce us
M. ortotus

N. tibisnigti
Pemph8us spp.
P. ftasaefolii
P. humuli
P. fagi
R. insertum
R. ,naidit
R. padi

S. dvenae
S.lrogarioe

rraps SE laads N SW
316 l8/5 3o.ls rel6 716
916 30/5 516 16 716
216 2915 t9ls 2216 3tl5t6l6 716 t3l6 817 8162tl6 ztls 15/s 2716 t6ls
t9l5 t2ls t9l5 316 rlls
317 t1l6 2316 t2l8 18/6
Dl5 r8/5 2tls 416 t6l5
2316 t0l6 2316 611 2sl6
t1ls t6l5 t4ls 2tls l8/5mF t9l6 tu7 2sl8 2217

t4l5 t3l5 lu5 2lls tol'tsl6 ,116 1116 ?216 18/6
t1l6 ll/5 t6l6 ul6 t7l6
4t6 26ts 3r/s 2St6 29ls

2815 ml5 2tl5 lE/6 2215
3016 t8l6 2816 ttlT 217
2415 l8/5 t6ls t6t6 t4lstrls 215 sls 4t6 2ls
2614 2u4 r3l4 l4l5 nl4
3o/5 18/5 28ls 2Ol5 2315ml5 r1l5 l5/5 ml6 26143tl5 ws 2315 3016 t9l5
616 27ls 316 46 316

rl7 2416 3016 817 tl1317 417 2316 2rl7 2616
916 2115 30/5 317 8t6
616 zels 616 5t6 1316

30ls tl6 tgls |16 28lslrl7 30/6 mn tgn 7n|15 3ls t4ls tl6 2614

uls t6l5 2rl5 1416 t4l5
116 2tl5 22ls 2116 26ls

: ADAS Wales and South-westem Regrons
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TABI,E 2

Level of pest aphid populations in 1976 compnred with meaa values for the previous
seven years' catches, by regions
Annual mean p€r t!'ap t97d as % ofannual mean

A. pisum
A.Iabae grp.
Aphis spp.
A. tubi
A. solani

B. helichrysi
B. brassicae

C. aegopodii
Cinara spp.
D. platanoidis
D . planlaginea

E. dietinurn

H, pruni
H. lactucae
M. euphofiiae
M. iciae
M. dirhodum
M. Iestucae
M. atcalonicus
M. certus
M. onutus
M. persicac

N. tibisiieri
Pemphigus spg,
P. ftasaehlii
P. hunuli
P- lagi

R. naidit
R. podi

S. avenae
S. ftagorl@

AI Mid-traps SE laods N SW
a5 m2 34 3t 20493 76 67a ,m3 200Itz 227 2U 190 939 9 ll 4 t419 l8 48 l0 2l

1ss tl77 1389 227 67E150 3a lt9 l0 t49
368 @7 m6 t lt 195l0 14 8t0 6
633 508 946 E{E 37926 52 t7 127
283 105 g 536 2s1
79 109 163 @ 3l

516 1050 46s 532 t9449 70 61 33 l()
84 94 143 84 4957823

755 1255 1A 699 l,l0139 195 395 19 ,t8
76 ll8 150 41 3E1625459
t2t5t2517

tlt 2A 22t 142 95
t7 21 17 924

476 3D 26 319 98221251
443 7U l45l 6 M94 75 49 183 t2

1839 lD1 t4tt x9 237923 21 9 25 19
5371 4@ 4367 62s2 s8,,9
1542 2974 l4l5 716 7t4 217 186 57 132

All Mid-
traps SE lands N Sw
x2 t74 471 369 m216 19 2t82J70 tt4 63 14 t(Bt42 2t3 6t 157 t39tt7 93 tl6 103 lc2
,t8 37 42 62 62s4 fil A9 rtsl 173
72 58 45 150 l0l

226 269 341 r32 2A
201 89 232 l9l 30116l 5 243 110 297
53 90 95 40 76150 @ 165 255 72
62 73 6t 52 6374 49 79 t03 82
t22 154 r27 65 t2826 14 16 lU nonc
218 t76 399 223 48970 59 30 l,t8 6283 75 19 % A2sr 162 2t9 2U 417tt4 72 50 256 142
3?5 348 670 70 105
91 101 8l llt 75

58 35 tO2 90 47tlO 180 lm ,l4 3(D@65328389
93 2.fi 82 3t 219
35 16 62 55 t22i 19 4t 22 2975 95 A2 87 35

386 269 8@ 499 37637 26 21 6452
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