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ENTOMOLOGY DEPARTMENT C. G. BUTLER

Introduction

The task of the department is to explore the relationships between the yields of field
crops and the activities of pest and beneficial insects and other organisms, such as
slugs and earthworms, in order to acquire a rational basis on which to develop methods
of controlling pests and making the best use of beneficial organisms.

The aphid survey has now developed sufficiently to give good early warning of the
presence of airborne aphids in most parts of Britain. The appointment of J. Bowden
has enabled a start to be made in finding out whether the samples of many kinds of
insects caught in the network of suction and light traps can be used to monitor pests
other than aphids and moths.

Preliminary experiments during the last few years to explore the possibility ofincreasing
the productivity of grass by suppressing its pests, have given promising results and have
been concluded. It seems likely that worthwhile increases can best be obtained by con-
tinuously protecting high yielding, well managed pasture from the time it is sown.
Further work is in progress, in collaboration with members of the Ecology Department
ofthe Grassland Research Institute, Hurley, to find ways of decreasing pest damage both
by chemical and cultural methods. Pesticides, whether applied to pasture or to arable
land, often do considerable harm to beneficial organisms, such as predatory beetles,
mites and earthworms, as well as controlling the pests at which they are aimed. A long-
term reference experiment was, therefore, started in 1972 to measure the effects of pesti-
cides on beneficial organisms and should give useful information on interesting new
compounds that will be included as they become available. The information that has
been obtained in earlier experiments is important when considering ways to manipulate
pest populations so that they do not cause economic damage, without affecting beneficial
and harmless animals. The possibility of using insect pathogens for this purpose is being
actively explored. It has been found, for example, that populations of cereal aphids and
wheat bulb flies are greatly depressed by parasitic fungi in certain circumstances, some of
which have now been analysed. Further work is aimed at using them to help control
these pests before they darnage crops. The use of viruses for such purposes has been
much canvassed recently, and is being studied. However, studies of Nodamura virus
which infects mosquitoes in nature, but can kill bees, wax moths and suckling mice,
points to the need for caution before deliberately dispersing such organisms in the
field.

Members of the newly organised insect pest behaviour and physiology section have
also started studying aspects of insect behaviour which might be exploited in pest
control with, or instead of, conventional insecticides. They are trying to develop ways of
monitoring incipient p€st populations at low densities to show where and when treatment,
whether by insecticides or other means, can be applied most effectively. However, before
an insecticide or anlthing else is used to control a population of insects it is desirable to
know whether any treatment, however efficient, is likely to be economically worthwhile.
Forecasts of crop loss resulting from the growth of an insect population are very difficult
to make, and considerable long-term field work is necessary to obtain the data with which
to construct a model. This has, however, been done fairly successfully with bean aphid
and wheat bulb fly, and improvements are being made. With many other insects assess-
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ment of the damage that populations of different sizes can do, which is an essential
preliminary to forecasting likely damage, has yet to be made.

The value of honeybees as pollinators of important fruit and seed crops is now well
recognised and no longer need be stressed. But, because fewer people keep bees than did
so a few years ago, it has become more important to use them to the besi advantage. To
do so we must find which crops benefit most by b€ing pollinated by honeybees, and how
best to prepare and use colonies for this purpose. For example, we have recently found
that self-fertile apple trees benefit little from honeybee visits, whereas they help greatly
when producing hybrid onion and kale seed. The foraging and other activities of honey-
bees are greatly diminished by several viruses with which most colonies are infected.
Indeed, they perhaps damage colonies more than the b€tter known pathogens. The
possibility of procuring and maintaining virus-free stock is, therefore, being actively
investigated, but must be regarded as a relatively long-term objective. It is also becoming
increasingly clear that very many honeybee activities, including foraging, are partly
controlled by compounds @heromones) produced by the queen and other bees. tni
possiblities of directing bee behaviour by various means, including the use of sytrthetic
pheromones, so as to make management simpler and foraging more effective, are kept
constantly in mind.

Tte Rottansteil Insec{ Survey

Srction trsps" The principal function of the weekly aphid bulletin, giving details of
aphids of agricultural importance caught in the nation-wide network of suition traps,
is to direct the attention ofentomologists to those pests that are currently present in th;ir
regions. It thus serves to concentrate attention where and when it is necessary, so obyiating
the need to search for pests that have not yet arrived and, indeed, may not do so in
appreciable numbers in a particular season. Furthermore, the Survey must be able to
d€tect ttre firsl arrival of pests in a district more economically and, if possible, efficienfly
than can be done by field officers regularly searching for them on the crops. That this ii
already possible for several spocies of aphids, and likely to b€come so ior others, has
been demonstrared (see Rothamsted Report fot 1973, p{rt 2,202-239).

- The number of suction traps was increased to 18 in 1973, and it is planned to extend
the network with an additional trap at Auchincruive, Ayrshire, and another at preston,
lancashire, during 1974. This network of 20 carefully sited traps is expected to cover
Britain satisfactorily for current purposes.

The first bulletin, for the week commencing 16 April, was published eight days earlier
ttran in 1972 and recorded eight species. The last bulletin issued was for the week ending
4 November.

_ The first large catches of aphids were made in mid-May, a month earlier than last yeaf,
but within the range recorded over the years that the traps have been operating. The drop
in numbers which occuts annually in late summer was also a month early, and thi
autumn peak began early and was very irregular. Total nunbers in the summer were
a little higher and more varied than usual; in Scotland numbers were abnormally high
(Table 1). Taking the yeat as a whole, the following aphids were caught ia much-larger
numbers than tslu.al: Elatobium abietinum, Myzus ascalonicas and Myzus ornatus (tbr*
early flying aphids favoured by the warm spnng), Macrosiphum euphorbiae, ienta-
trichopus fragaefolii, Phorodon humuli (tht@ times last year's total) ana hyilaphX tagi.
Aphids that were much scarcer than usual were: Drepotosiphtmt platooidb, ;ad tbtee
cereal aphids, Metopolophium dirhodum (also caught in small numbers in 1972), Sitobion
avenae (otly haff last year's total) and Rhopalosiphum insertwn. Rhopabsiphum padi
was slightJy above average, and more than last year; Myzus persicae was more abundant
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TABI.E I
Lewt of pest aphitl populations il 1973 compded with not values for the pretiaus five

SPeies
Acynhodphot p'rs.fi
Aptnt ftu grotup
Aphb spp.
Anvl@ruphoru rubi
Avl@orthaDt ol@tt
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Cirsr4 spp.

D rcpop si phtot p lat aw idi s
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Ebrobiurn abhtitl
Eriotot ro ulrni
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6
92
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t0l
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6
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154
l6t
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85

I
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159
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4t
@
llo
50
7t

6
530
186

4
l3

791
103

43
l5

245

868
152

1oB6
36

l(b
6

411n
85
to

N7

l7

581.,

839
334

1129
l5

tt43

551
109

61
5

901

56
6

r2!)

m

585
I

5n
109

2729
E

705!

1(D8
154

Hydlopr.nlt pnai 1071
Hypcrottyzus lacwre 47

M@toiph,toi .uphofiiac
Mazoura eiciaa
Mclowlophium dtlsdq
Mctopolophium fcstucu
Myars dtcalonidrt
Myzut otualut
Myas percica grorp

Naf,.roYia ribttnigri

P.ntphiguJ spp.
P.n alricl@put ftoga.folit
Phorcdon hutmli
Phy qhis fagi

Rhopabipfurn idscrtum
Rl@Nlotiphen ndAs
Rhopolosiphan pdi
Sitobion avcru.
Sltobion fragari@

ttran usual, and reached twicc last year's totd, bt t Aphls faboe was below aYeragc, with
only half last year's total, although it arrived vcry early.

LigLt hrp& During 1973, many sdditional tungstcn li8ht trsps wcre set up in Walcs-and

a iew morc in England, thus providing adequate coverage of Britain as far north as

I:ncashire and Yorkshire.
Apart from invasions of such migrants as the Silver Y moth (Plusia Sonno), whtch

wasl serious problem in some areas, the weathcr during 1973 favoured nany moths,
larger numbers than usual being caugbt.

A provisional summary of the numbers of the morc important pest spccies of,moths
caught in each of the last five years is given in Tablc 2. Surprisingly, it is not yet ktrown
whiah spocies of cut-worms should be regarded as p€sts, so the pest status of the various
epecies is being investigated (see p. 204).- 

Annual distribution maps havc now bcen PrcPar€d for most of the spocies of Eolhs
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TABII 2
Nm$er of indivi&tals ord sites (ital :s) at which pest moth specbs were canght, 1968-72

Species
NaEe

Euxoa nigricdns
(Garded Dart)

Agtotit teg.turn
CIumip Moth)

,|grotir vestigidlit
(Arche/s Dan)

1969

t0t
t1

35
17

41
9

2!6t
65

47
25

818
71

515
46

3344
4

109

2353
72

553
55

3985
53

2985
69

38/'9
74

t8
38

335

136
N
l9
6

?9l8
53

82

861
@

137
23

No.

.lgrotis exc lorrationit

1968

3l
TI

1972

30
1E

t53
,a

,t8
9

5960
89

7
6

1437
86

x3
14

56it
1I

85
i5

1137a
586
61

6361
73

2388
&

49
m

59
28

1679
57

89

1910 lyn
62 122t9 27

135 2m3t t6
t6 l746

8550 ltu81 92

t2JJ 10

lt88
91

ID
$

1222
1l
8

t8

N1t
87

924
EI

Tl45
79

Mn
3524

99

lu
$

23/Jl
67

I

lilog
83

3@
53

21,6
15

t55
46

2216
76

693
67

3@2
63

tll4
78

8t0
79

108
39

89
&
85

331

(lieart and Dart)

lgrotir ipilol
(Dark Sword GEss)

Noct@ poruh
g.argE Ycllow Undawitg)

Melorhra prdcole
@ot Moth)

Cerapteryx gromiris
(Artl6 Moth)

lwnca sr&tu
(Rustic Shoulder Xmt)

lwrca ecalis

448

t7l7
32

93
3I

t7@
51

11s
5l

2749
12

59
57

I
@

57
27

361
32

(Common Rustic)

$2 Ptocltt srrigilif
(Marbled Mitror)

'169 htpcriaa rcstaca
(Flouiccd Rustic)

48E Gottt o mic4c.a
(Rcy Rustic)

615 Plasio
(Silve.

gan N,
v)

26 Hepialut h!.,rra.li
(Ghct Swift)

267 Hepiolut kqalin
(CoEooo Swift)

Maximru pcsible Burrrbcr of sibs 63 76
t Not fuly ideDti6€d

shown in Table 2, and certain featufes a'rc appeariDg. It must be empbasised, howevef,
that at present only tentative conclusions can be drawn from these because only five years'
rccords are available. It appears that most of lhese species of moths have fairly well-
de6ned patterns of distribution. This does not mean, of course, that the distribution
pattem of each species is the same each year, on the contrary, pronounced variatione
occur. It is hoped to establish a background pattern for each species ag4inst which to
comparc such variations when trying to forecast population trends. At one extreme, thc
total numbers and distribution ofsome moths vary little from year to year (by a factor of
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about x2F.g. Hepialus humuli, Go )ma micacea, LuPerina testacea' Procas strigilis
and Aponea secalis. At the other extreme, two well-known mi EraJis, Agroti.t iPsilon 

^nd
Plusia ganma exhtbit no recognisable patterns of distxibution and their total populations
vary greatty 1Uy a factor of about x 10) from year to year. Forecasfing their occurrence
wili h-ave to wait until we know more about their patterns of migration over Africa and

Eurolx. Meanwhile, their local abundance will have to be measured each year' Between

thesttwo extremes is a group of moths which behave differently. Those of this group-
e.g. Hepialus tupulina, Agroris exclonationis, Euxoa nigric@ts, Melatchra Percicariae'
A-grotis-segettmr-tnd Cerapteryx gramrn ti-€xhibit well-marked distribution pattems and

a rnoderately wide range of population densities (about xr' It remains to be seen

whether they follow sufrciently regular cycles to allow useful forecasts to be made.
(Taylor and French)

Been aphids

Work continued on the prediction of outbreaks of Aphis fabae, in collaboration with
Professor M. J. Way Qmperial College). Large populations were found on the winter
host plant, Euonymus euripaeus, in 1972173 and heaYy infestations of field beans and

sugar beei during 1973 were correctly forecast. Further studies of late summer/early

autu:rn secondary hosts of A, fabae, and of field to field variation in infestation levels

were made to improve the accuracy of the forecasting technique.
Methods and times ofapplying insecticides before and after flowering, when pollinating

insects are not at risk, werl igain compared on Rotharnsted Farm. In contrast to preYious

years, a damaging infestation of aphids occurred and results (Iable 3) showed that

TABLE 3

Yield (t lhd ofrteld beans treated wirh demeton'S-methvl spray (0'25 kg a.i.lha) 
-and 

phorate
gr@,"les (i't kg a.i.lha) immediately before (617 Jue) od after (9 July) flowering

Date
611 lnN
9 July
6/7 JuDe aod 9 July
No trEatmetrt

phorate dcmeton-$m€thyl
4.38 4-21
3.65 3.90

4.n
3.70

(S.E. of difference betweetr yields +0'237)

pre-blossom treatments were effective, whereas apPlication after flowering was not.

@ardner and Fletcher, with Stevenson, Insecticides and Fungicides Department, and

Mofatt, Farm)

Ecology of cer€al aphftls

Twice a week, from mid-May until the end of July, sample counts were made at
Rothamsted of aphids on spring barley and winter wheat. Aphids on the plants gowing
in ten, 0'3-m lengths of row, distributed both within and at the edges of each crop, were

counted on each occasion,
Two apterous Siro bion svenae were found on wheat on 22May,andtwo ale Rhopalo'

siphum padi with lymphs and one alate S , avmae on ba ey on 28 May' Thence forward
populations of S. avmae and of another aplttd, Metopolophium dirhodwn, increased
until diminished by heavy rain at the end of June. Tbr* alzte R. padi with nymphs were
found on wheat at the end of May, and four alatae and two apterae on barlcy between the
end of May and mid-June. Three alate and five apterous Sitobion fragariae with n)'mphs
were found on wheat, the first on 5 June, while eight alate and 25 apterous specimens of
196
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this aphid, all with nymphs, were found on barley from early June onwards. Only
two alate Metopolophium festucae, neither with nymphs, were found, both early in June.
No aphids were found on the barley after 20 July, and only three dead, S. avenae on
wheat.

The 6rst parasitised aphid (aphid mummy) was found on 4 JuDe on wheat and l8 June
on barley. From 113 mummies collected, 50 Aphidius spp. and 20 hyperparasites had
emerged by the end of October; 4l entire mummies remained. (Margaret Jones)

Fmgal rliseases of aphids

Field itrcideme of Errorra?iriara spp, infecting been aphid. Entomophthoru spp. iQfected
few ofthe adult apterous bean aphids (Aphidfabae) rcnaining on the overwhtering host
plant, the spindle tree, Euonymys europaeus, in May and June. By 2l June most of the
aphids had rnigrated to their secondary, summer hosts, including field beans.

The numbers of aphids on field beans in Highfeld field, Rothamsted Farm and Mill
Dam Close II field, Woburn Farm, began to increase rapidly at both sites about mid-June,
reaching maxima of about 1900 aphids/plant on 9 July in Highfield and 1600/plant on
16 July in Mill Dam Close. Most aphids had left the b€ans by 30 July at Highfield and
6 August at Mill Dam Close. The perc€ntage of aphids infected with Entomophthora spp.
began to increase by 25 June in Highfield and 26 June in Mill Dam Close, when the aphid
populations averaged about 525 and 125 aphids/plant, respectively. The percentage of
aphids infected with Entomophthora spp. remained consistently above 301 from 2-
16 July in Highield and from 10-30 July in Mill Dam Close, during which periods there
was always an average of more than 1000 aphids/plant. Peaks of inlection of 7ll in
Highfield aad 661in Mill Dam Close occurred on 16 and 24 July, respectively, shortly
after the peak aphid population at each site. Large percentages of infection were not
obviously associated with wet weather.

On 2-3 July, most infected specimens were in the smallest colonies of aphids. Possibly
at this early stage in the infestation of the crop, most of the large colonies of aphids had
developed from the healthiest small ones. Thereafter, no consistent relationship between
the perc€ntage of infected aphids and colony size was found, probably because the many
airborne fungal spores had by then become a more important mode of infection than
contact between diseased and healthy aphids.

Of the infected apterous aphids, 30, 1, 49, 20 and 0\ in Highfield, and 13, 1, 50, 33
and 3l in Mill Dam Close, were infected with Enlomophthora aphidis, E. fresenii,
E, planchoniana, E. thaxteriana and E. virulmta, respectively. This is the first time that
E. virulenta bas been found in the field in England. E thaxreriola infected more aphids
earlier in the season than it did later, but there were no other obvious changes in the
frequency of occurrence of different species during the season.

Numerous emjgrants from the bean crops alighted on 'trap' broad b€an plants sited
about 35 m from the crops, between 26 June and l0 July in Highfietd, and between 3-
3 I July in Mill Dam Close. At each site, 261 of the aphids were iofectedi t Wzk of 44'%
being reached in Highfield on l0 July, and of 38 % in Mill Dam Close on 24 and 31 July.
Of these,.l4, 6,28,22andO\ in Highfeld and 35, 5, 46,7 andTlitMill Dam Close
were infected with -E aphidis, E, fresenii, E, planchoniata, E. thaxteri@u atd, E, vinulenta,
respectively.

On l0 and 17 October, 16\ of zlate Aphis fabae on spindle lrees were infected. None
of the few alates found subsequently was infected.

The observations indicate that the percentage of infected aphids became large only
when the aphid population became dense, that infection was spread from aphids on one
secondary host plant to those on another and to those on the winter host by migrating,
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alate aphids, and that some aphids on the winter host plant in spring were infected before
they migrat€d to be3n plants. (Wilding and Brobyn)

Idection of &e pe! apfttrt by Entomophttonceac Histopathological studies were made
on the infection of the pea aphid, I cyrthoslphon pistorl, by E. aphitlis and E. thaxterima
by prcparing serial sections of aphids collected at six-hourly intervals after 4 h exposure
to mnidia shed from infected aphids. Conidia of both species adhered to the aphids
for up to 48 h after discharge. The conidia of E. thaxteriana often became trapped
in deep cuticular folds especially between the head and thorar of an aphid, and ttrose
of E. aphidis frequently adhered to the cuticle in clumps. Most conidia of E. tfuuteriona
germinated and penetrated the host cuticle within 24 h, and those of E. aphidis within
36 h, after discharge. There was no evidence that germ tub€s penetrated the host aphid
via the spiracles, sensory porcs or alimentary tract, or of a prefereDtial p€netration
site, thougb ttre hard head capsule was rarely penetrated. Some cuticular layers were
displaced where the germ tube p€netrated, suggesting a mechanical means of entry,
and the appearance of cleared regions in other layers around the penetrating germ
tubes also suggested somc en4rmic action. Colonisation of the host was more rapid the
g€ater the number of penetration sites. Hyphae first grew in the haemocoele, where some
were phagocytosed by large blood cells, and then began to invade the solid tissues. The
order of invasion of aphids infected by E. thaxterias was fat tissue, muscle, central
nervous tissue and contained embryos, and in those infectedby E. aphidis---*ntral nervous
tissue, fat tissue, nuscle and embryos. Some of the last two kinds of tissue invaded by
each species of Entomophthora were incompletely destxoyed even when the fungus had
started to sporulate. The gut and chitinous structures were not attacked. When the
aphids died, conidiophores aggregated in groups beneath the cuticle before emergrng.
Those of E thoxteriana emerged all over the body of the host aphid whereas those of
E. aphidis were absent from the mid-ventral, antero-posterior region of the abdomen
from where the fungal rhizoids emerge. Rosette-like structures, emerging cystidia encircled
by developing conidiophores occurred evenly distributed just beneath the cuticle of
aphids irfected with E. aphidis. (Brobyn and Wilding)

Rcsting spore formetlon by Entomoplthorafesenii. Rcsting spores of -E y'esezri did not
form in apterous alienicolae of two week-old cllturcs of Aphis fabae from either long
(18-h) or short (6h) day environments when the aphids were inoculated with conidia
that had formed in either of these environmental conditions, and were subsequently
incubated in either environment. However, resting spores did form in some alienicolae
from four-week-old cultures from either environment, when they were inoculated with
conidia tlat had formed under short{ay conditions and were then incubated in the
shortday environment. Further tests showed that whereas resting spores did not form
in fourth instar pre-alate nymphs, they did form in many pre-sexuparae and sexual
females from the same three- to seven-week-old short-day cultures, when the aphids were
infected with conidia that had formed in short-day conditions and were kept thereafter
in the same environment. These findings show that the formation of resting spores by
E. fresenii is inftercrud not only by the environment in which the inoculum was formed,
but also by the state of development of the aphid host, and by the day length of the en-
vironment in which it is kept after it has been infected. (Wilding and Brobyn)

Wbeat bulb fly

Popolatlon shdi€& The wheat bulb fly egg population in Stackyard field, Rothamsted
Farm (4.2 miflie{foa) i1 the winter of 1972173 was the hlghest recorded for seven years
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on this site which is reserved for studies of this pest. larval counts at the end of March
1973 were 1.36 millionAra and pupal counts at the end of May were 1.04 nillion/ta.
The adult population that emerged was 0't$ nillion/ha, equivalent to 9% of the eggs
developing to the adult stage.

Adult flies emergpd between 19 June and 19 July, reaching a peak betweetr 30 June and
4 July in emergence traps, coinciding with the maximum numbers caught in suction and
water traps. This sug:eiests rapid dispersal ofthe aduls soon after they energed. Measure-
ments of absolute population levels on the crop in July and early August showed a
decline with time of males but not of females, and the numbers present on the crop
were always smaller than the number of flies that had emerged in the field.

Flies marked u,ith a fluorescent dust and released in Great Harp€nden field, 0'4 m
distant, were recaptued in Stackyard field and, similarly, flies marked in Stackyard were
recaptured in Great Harpenden field. The time the flies took to travel this distance
ranged between one day and three weeks. Catches in lines of water traps, radiating 0'4 m
in all directions around Stackyard fiel4 showed no det€ctable gra.dient of narked flies
leaving Stackyard. Few marked flies were recaptured later than two weeks after they had
been released.

Continuous suction trapping on both wheat and fallow showed that more flies were
active on the fallow between 14-00 an,d 22.00 h BST than at other times either on the
fallow or on the wheat. (Bardner, Margaret JoDes and Fletcher)

Motrnetlon of ovrries. The number of female wheat bulb flies caught in water traps at
ground level on fallow in Stackyard field reached a peak during the week ending 30 July.
Of 156 that were diss€cted, 391 cantaind ripe eggs, 23/. had already laid their first
batches of eggs, and 561were infected by a fungus, probably Entomophthora muscae.
Of another 116 females caught in water traps at crop height amotrg the growing wheat,
26\ aDlatned ip eggs,35f had laid their tust batches of eggs and 671were infected
by fungus. Therefore, just significantly more females with ripe eggs were caught on the
fallow than on the wheat, and significantly more of those caught on the wheat had already
laid their first batches of eggs. This supports the view that, having laid their eggs on
fallow ground, females return temporarily to cereals to feed before moving once more to
fallow ground to lay.

One hundred and four females, caught in water traps dispersed over Rothamstcd
Farm during the week ending 5 September, were dissected. Twenty-four per cent of
these had already laid second batches of eggs and a further 30 % were ready to lay them.
Fifty-flve per c€nt were infected by fungus. Few females were caught during the last week
of trapping which ended on ll September. Of 13 dissected, six contained ripe eggs,
three had laid their second batches of eggs, and seven were infected by fungus. Thus,
although third batches of eggs were maturing in some of these flies, none had laid a third
batch. It is interesting that the proportion of the population of female flies infected by
fungus did not vary geatly from the end of July onwards. (Margaret Jones)

Arlult activity. An automatic flight-activity recorder was used to measure the activity
of adult, laboratory reared flies kept in various ligbt, humidity and temperatue condi-
tions. Male and female flies had sinilar actiyity patterns, but their activity levels differed
with age, the females becoming more active but the males less so. Flies subjected to a
l6h light to 8-h dark cycle, exhibited a diumal rhythm showing peak activity between
20.00 and 22.00 h, corresponding with activity levels in the field. Flies maintained a
similar diurnal rhlthm in continuous light. @ardner and Fletcher, with Arnold,
Insecticides and Fungicides Department)
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Altrmatiye [osts, Wleat bulb fly are known to infest graminaceous plants other than
wheat. Expriments have now been made under controlled, laboratory conditions, to
compare the survival rates of larvae attacking some ofthese with that of larvae attacking
y/inter wheat (Cappelle-Desprez). The number of adults produced from 100 eggs was
determined in each case. Fifty-three per crnt of those with winter wheat became adults,
compared with 641of those with couch grass (Agropyron repms) arrd, 5-27 % of those
with five other grasses. Of the grasses attacked ooly couch exhibited the dead centre
shoot symptom that is characteristic of wheat plants attacked by wheat bulb fly larvae.
Although it is still too early to draw conclusions about the importance of wild grasses as
reservoirs of this pest, it seems possible that they may be much more important than has
been thought likely. @ardner and Fletcher)

Whert bdb fly populations in Erst€rn f,'ndanil. Fluctuations in mean egg densities
from field samples in the ADAS Eastern Region for the past 20 years have been analysed
to determine factors aflecting egg density. In two areas, the Isle of Ely (light soils) and
Essex and Suffolk (heavy soils), a linear regression model was used to test the importance
ol several climatic and land-use factors in determining egg density. Important factors
were: (1) availability of egg-laying sites, (2) rainfall in October and November, (3) mean
temperature in January, and (4) winter .r heat acreage (important for Isle of Ely but not
for heavy land). These factors accounted for over 7Ol of the variation in egg densities
between years for both B?es of soil. Weather during the egg-laying period had no detect-
able effect, contrary to what was found for wheat bulb fly populations on Rothamsted
Farm. There appeared to be no carry over effect of egg density from one year to the next,
which supports the idea that strong density dependent factors were operating. (Bardner
with Kempton, Statistics, and F. E. Maskell, ADAS, Cambridge)

Phenology of irsects in ! whect field. Studies were continued, using emergence and pit-
fall traps, of the populations of insects in Stackyard field, Rothamsted Farm, part of
which is now under wheat and part under fallow every year.

A row of 12 pitfall traps, 5 m apart, was sited in the gowing crop and a similar row in
the fallow. Between 17 November, 1972 and early March, 1973, those in the crop caught
69 small, adult, carabid beedes, 54 of which were Treci us quadristriatus arLd 15 Bembidion
spp., which feed on the eggs of wheat bulb flies and other Diptera, together with 39
carabid larvae of five diferent species. Spiders were always caught. The traps in the
fallow after the stubble from the previous wheat crop had been ploughed in, caught 149
carabid larvae,68 adult f. quadristriatus, 15 addt Bembidion spp., and 17 ad]ult Notio-
philus biguttatus, and 11 small staphylinid ber;:des, Xantholinus spp. Spiden and a few
other carabid beetles were also caught. From mid-March onwards, catches, particularly
those of the traps in the crop, became larger and contained more species, From May
until the wheat was harvested at the end of August, the commonest adult carabids caught
in the crop were Harpalus rufpes (427), Feronia wlgaris (128), Agonum dorsale (70) a;rLd
Feronia madida (67). Between harvest and the beginning of Noyember, adults of another
beelle, Nebria brevicollis, b€came the most numerous carabids present (260 caught).
Again a few spiders were always present in the catches. On the fallow during these same
periods, smaller numbers ofthe same species ofadult beetles were caught: before harvest,
H. rufpes (141), F. vulgaris Q4) artd F. nadida (141), and after harvest therc was similarly
an increased catch of N. breticollis (42). During the period from the end of July until the
beginning of September, when wheat bulb flies were laying their eggs in the fallow ground,
the number of adult T. quadristriatus increased greatly in this part of the field, 708 being
caught between l0 August and 2 November, a peak catch of 187 being made during
the week ending 14 September, whereas only 22 specimens were caught itr the srop
M
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during this week. It is probable, thercfore, that these small egg predators had congre-
gated where there were many wheat bulb fly eg:gs.

Ten emergenc! traps operated continuously over wheat stubble itr the autumn 1972

and over faliow in 1173. Sma[ nunbers of specimens of several families of Diptera, as

well as psocids and springtaits emerged. The Diptera included the grass stem-borer,

Opomyza germinatrirziJ. From early spring to mid-summer, Diptera were the dominant
group of insects emerging, gall midgps being particularly noticeable in May and June'

Ott"i*ise, a few paraiitii Hymenoptera and some noctuid moths were recorded during
the summer. (Margaret Jones)

InYertebrat€s anil llosttEe ProductiYity

Effect of pesticirles on ol(t a l new grrss. Collaborative work with the Ecology Depart-
ment of the Grassland Research Institute, Hurley, continued during 1973.

A field experiment at Rothamsted, started in 1969 to examine the effect on yield of
continued suppression of various groups of invertebrates with different pesticide treat-
ments, was ended. On this old pasture, sown in 1943 and comprised of abortt 401
perennial ryegrass,30f cocksfoot with several other unsown grass species and broad-
ieaved weeds, five of the treatments induced overall yield increases in the second year
(1970). The most severe treatment gave an increase of 30% over the untreated contfol.
Subsequently, in 1971, 1972 and 1973, although increases were obtained in individual
cuts during the year, no statistically significant increase in the annual yield of any of the
treated plots was found.

In a iimilar experiment on a newly-sown perennial ryegrass sward at Hurley, started
at the same time, tv,/o of the pesticide treatments induced an increase in yield in every
cut, and in the total annual yield not only in the second year but also in each of the thrce
following years. Additional dry matter output from plots receiving these two treatments
ranged from l7 to 231,a 20 to 29'1, reslrctively, above that of untreated plots dudng
the four years from 1970 lo 1973.

Preliminary trials, in Yorkshire, Lancashire, Devon and Kent, during l97l and 1972'
had suggested that increased yield following pesticide application (in this case relatively
heavy doses of aldrin and phorate), to grassland (principally perennial ryegrass not more
than three years old) might be a widespread phenomenon. Further trials were, therefore,
started in spring 1973 to examine the effect of suppressing insect and other invertebBte
populations in different parts of England. With the assistance of other Institutes and
County Agricultural Colleges, replicated field trials were set up in Cheshire, Shropshire,
Herefordshire, Glouctstershire, Somerset, Wiltshirc, Lincolnshire, Nottinghamshire,
Northamptonshire and Essex. Wherever possible, trials were laid down on recently-
established ryegrass. During this first year a response to pesticide treatment, in at least
one of the four cuts taken, was obtained at nine of the ten sites. The total annual yield
was increased at five of the ten sites, by 6, 8, 9, 12 and 12\, respectively.

Although the yield increases recorded at Rothamsted, Hurley and elsewhere have been
obtained using doses of pesticides too heary to be acceptable for environmental or
economic reasons, their existence indicates that even where no pest problem is aPpareDt,
it may be worthwhile to reduc€ the steady drain on tle grass crop which starts with its
invasion by the ins€cts and other invertebrates normally found there. Benefits from
treating old mixed pasture are debatable, but protection of high yielding spocies such as

ryegrass from the time of sowing may be economically worthwhile.
An exploratory field trial to find the smallest dose of a short-persistence insecticide,

dimethoate, which will produce a useful yield increase when applied to a young sward
of perennial ryegrass, was started at Hurley in spring 1973. No efect on yield was found
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in thc first_two cuts, but a yield r€sponse was o6t"ined in th€ last cut, its megnitude
varying with both the amoutrt ofinsecticide applied and with the frequency of appli-catioa.

Th9 field experiments descdbed above hive of necessity been conductA'under a
pofug:o4y syst€m of rnrnrgement. Most grasslan4 even that inrcnsively
is grazcd for at least part of tle year. S€cause this ii so, and bccause some kinds of
insects, especially dipte-rous larvae, become more numerous undcr a grazing thau under a
mowing-regime, the effect of pesticide treatment of a percnnial ryegriss svird previously
grazcd for five years by sheep was examined. Resuits froa ttis'ir;a inOicatc tnat tti,
yr:ld 

-ry.qgo1: is _greatcr, and aglears sooner under these conditions. (Henderson,
with Mr. R. O. Clements, Grassland Research Institute, Hurley)

TAALE 4
Numbers of noctuid moths trapped hrt* 

ry;fft 
vapour light trups at Rothamsted duting
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Dhtcroos stem-borers in ryegrass Further aspects of the invasio-n of perennial ryegrass
(S'24) by dipterous stem-boring larvae were examined. As in l9?2, four species of Osci'Ella
ind 6ne species of Geomyzawere fowd in the stems, with O. vastator the most numerous

species. Age of plant and density of stand both influenced the number of larvae found in
sLms. AgI was-the more important facor, susceptibitity to attack decreasing rapidly as

plants grIw. The inclusion of small amounts of cocksfoot in stands of ryegrass <lininished
attack on the latter. (Idowu and Henderson)

Soil feua
Cutrotms. Studies of the biolory, ecology and economic irnportance of several species

of cutworms begun in 1972 were continueA. The relative abundance of the adult moths

TABI.E 5

Numbers of noctuid moths trapped in mercur! vapour light traps at seven sites i" Grcat
Britain during 1973
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Tnnip Eoth 56
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(Cer@teo, $ami,7/it')

CooEoo Rustic 2 2 789
(Awnea s€colit)
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Gohyu nncaa)

Rustic ShoulderK.lot l7
(Aryrtuawe6)
Floutrcd Rustic 9
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Marblcd Minor 167
(Ptocus ttrigilis)

Tomato Eoth 15
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was followed at Rothamsted using five Robinson mercury vapour light traps dispersed
over the Station. Total catches (Table 4) were rcmarkably consistent-from trap to trap.
- The commonest of the species that are susp€cted ol sometimes causing economic

damage in Britain occuring at Rothamsted were the Heart and Dart mith l.lgrot*
exclmnationis) 

_and, the I-arge Yellow Underwin g (Noctua pronuba). However, 
"many

specimens of the Tomato moth (Diataruxia oleracea) were ilso caught and numerous
reports of damage by this species to outdoor crops in the Evesham area were received.
Of the stem-boring noctuids caught at Rothamsted, the Common Rustic (Apamea
seca{r.s) was very abundant, much more so tlan the Rosy Rustic (Gortrna micacea) arld
the Rustic Shoulder Ktot (Apamea sordens).

__,Similar traps were also operated in Perthshire, Cumberland, Iancashire, Leicestershire,
Warwickshire, Bristol and Devon, and larval counts and meteorological records madi
nearby. Itis loped that climatic and trap records will eventually ena6le outbreaks to be
forecast. Only the Large Yellow Underwing and Lesser yellow Underwing (Euschesis
interjecta) were trapped at all sites, other spocies having a very variable diitribution
(Table 5); there were considerable differences in the dates that ihese moths were fust
caught, the Devon trap catching them much earlier than that in perthshire. Cutworm
larvae found attacking crops by ADAS workers, who kindly sent them to us, were reared
and proved to be either the Heart and Dart, Large yellow Underwing, Turnip or Tomato
moths.

From the information at present available, it seems probable that the species with the
potential to cause serious economic damage are the Heart and Dart and Large yellow
Underwing moths. The importance of the Tumip moth is more difficult to assesi becarse,
even though the number of larvae found was sometimes large, relatively few adults
were caught and they seem to be much more locally distributed. (Edwards and Whiting)

Infection by Miqosporid|n. Dead and moribund larvae of the Heart and Dart moth
(Agrotis exclanationrs) were found to have their midguts heavily infected with an un-
identified microsporidan. The spores (each approximately 2.5 x 1.5 pm) olthis organism
infected laryae of another cutworm, Spodoptera littoralis, a widespread pest ofiotton
and many other crops, when fed to them. The spores remained infective to S. littoralis
after they had been lyophitised within freshly dissected midguts of S. littoralis laryae-
(Sherlock)

Pesticides anil earttworms. Field tests of the effects of endosulfan (2.2 kg/ha), tetradifon
Q.2 kelha), endrin (9'0 kg/ha), phorate (9.0 kg/ha), carbofuran (2.2 kg/ha) and benomyl
(11.2 kg/ha) on earthworm populations were made. Tetradifon and endosulfan had no
apparent eflects of them but the other compounds all greatly decreased their numb€rs.
The results oflaboratory tests oftoxicity ofp€sticides to earthworms which were reported
ea:Jter (Rothamsted Report for 197 2, Paft l, 212) suggested that none of the inseciicides
(monocrotophos, tetrachlorvinphos and 'Ciba Cl442l'), herbicides (benzoylpropethyl,
ttre triazine herbicide 'Bladex' for which the common name cyanasine is being adopted),
or nolluscicides (iy'-tritylnorpholine and methiocarb) tested caused significant decreases
in numbers at field dose rates. Field trials have now shown that neither ttre insecticide,
monocrotophos, nor either of the herbicides, 'Bladex' and benzoylpropethyl, signmcantly
aflect earthworm populations. However, whereas 'Bladex' and its breakdown products
were not found in earthworm tissues, small amounts of benzoylpropethyl were.
(Edwards, Lofty and Stafford)

EartlworDs itr Park Grass. Earthworm populations in Park Grass have been sampled
as part of an intensive study of the soit fauna of the different plots. In I 972, an electrical
204
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method of stimulating earthworms to come to ttre surface of the ground was use4 but

;6fi;.ly it 
-;m":"o"y ** f*"4 t" ""ty 

with the pH of the plot being sampled'

S., i" lgi3, tiirt" formalin was used to bring the earthworms to the surface' very great

dlli#;;;i" *;;iations and sdii compoiition were found to occur with the di.fferent

;ffi;;A-fiff;' i; p-titfu, ii";dat had been treated with ammonium sulphatc

ilril." 
"1"r. 

*rt"roed oo 
"a.th*or.s. 

The species found in other plots were Lumbn s
'r;:,X;i.';.';;'*,;,-i.'iati,)it"iboihora tonga,.A' catiginosa' A' rosea-an!
';;;;;;;;;;r;;;.,ii"t"l"a 

'ip.i'ti' 
tiod p'"pu'"a' (Edwards' Lortv and Stafford)

Effect of cultivation otr earltworG An experiment-to measure the efrects of maximun

;T;;i-;-"rlttvation of gr"*r*J, i6uoweo uv reseedlng' was started in 1969'

;;;i fi^a i*o y*.., cut-ti"atiooionsiderably increas€d erthworm populations;

i'nl'LilLii ;;;;;,irt; "Jti"otioo 
the larger the errrworm popurations tecame.

i[,,ffi;,:,;"ffi";;;d;*, ihat altho-ugh a single cultivation had this effect,

reoeated annual cultivation rooo Lgun to dimi:nish thJ populations of most species'

;"fi;;"",'i';";;"-'ii ii",trii'"'it'rir' After three vears' Allotobophora catig.inosa

l;;i-h;.i" t-;"s whose numbeis in tni cuttiuatea ptois *ete lreut"t (2 x ) than in the

#H1j;ffi. i;;;;;;#1; Aat a single cuitivation' bv opening up tbe soil'

::#ffi'[ii;;;il;; f;il;;"G and rn'ovement' and also ravours those species

HJ.i; ;'|;;ir,"-.-".f"* Uy truoif"oiog organic mauer to the lower soil layers.

(Edwards and LoftY)

Prlrtability of lesYes to earltwotms The palatability.of various kinds of freshly fallen

i*"a, io 
"irtn*orms 

has been measured, and found to be, in decreasing order, sycamore'

iil", l"tt"'.l".irrt, ,o'""t 
"n"stn,i, "tm, 

asn, nazel' oak' apple' bornbeam and beech'

iffi;;. .f;;ihe.ing, apple leaves become very palatable aod au others' except

i",r"fr-. -l"ft -ot" palatalble.'similar results were obtahed trhen freshly fallen leaves

;;""#; il "*ir-irl, *"", r- u *..t u"ro." they were offered to earthworms. It is

r-Luri tn"t this tiatment leached out soluble polyphenols'

''ffi#r;'ffi;t";th-;i,ffi;;;"Pnos, parathiLn' benomvl' thiophanate-methvl'

#;r;'lf;, ilaa.in, t tooiron, *ati'n 
"oa 

diazinon at doses likelv to be used in the

ilJd";;;,h;";iv unpalatable to earthworms' (Edwards and Loftv)

Eflects of stubble burning. Further observations have been lade on the possible-harm

il;l;;;-;;il; to iopulations of harmful and of beneflcial soil-inhabiting "!imals'
ir irgrti, rsi5, ti"ii or i nlu or 

"'n"ut 
stubble was burned over and the fauna in this and

i" in"ii"ifu"t a'n"lf compared during the fotlowing three weeks' Samples were collected

h., -""o. of oitfall and bran-baited traps, and hand-sortiog and suctron-sampung oI

Ii,r1".,"itr,l'*;il d;;;. no evidenL'was obtained thai the burning signi{cantlv

i;*xiril ;urnt"i, or u"net"iut animals such as carabid and staphylinid._beetles,

;il;;;Gt;;d earthworms, nor-of s.uch potentiallv harmful animals as millipedes'

slrros and flv larvae. HoweYer, tJu""-a*eUing tpringtaili were almost all destroyed aDd

iililfi;;;;;" 
-rioJ, 

oi.it", gr"atty aiminisnia. rnese resutts ctearly support rhe

rt* i-n"i tirUuf" buming has iew-serious effects on the soil fauna' (Edwards and

Lofty)

Pesticides anrl the arthro@ soil f,IDt' A further field trial confirmed that the insecticide

;;;;;pd "i 
recommended dose rates, has little efect on soil arthropods'* 

fn" iiiJt "ri irdirect effects on the soil fauna of two herbicides, 'Bladex' and benzoyl-

"..r.,-"ttrut 
were further studied; dircct effects being distinguished from indirect ones

[;i;;i';'il;i tn" .i-gnt *,t or plots weed-free' The new results obtained with
m5
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'Bladex' indicate that some artbropod groups are decreascd by chlorotriazine herbicides,but that theirlopulations soon recorerlfni i*ora n*UUA.,'U"i"vfpr"p*tnii, U"i.Gto a. chemical group wbose possible effects oo tn" ,oif ?^iu-nua"r'ot i."ri6,iriy-t""7studied. The resu.lts indicate Gat, Iike tne ma.;uty orterfiiiJel,;has little adverse efecton $9 s9il fauna.- Gas-liquid chromatography analysis sUoweO tiat benzoylpropetbylpersists in the soil much longer than .slaair;. (Ej*"rd, 
"oJ 

itriora;
Effect" of ten!€rrtre anl moisfue on I,ol,ohtioos of soil itryerteD*t€& Information onthe efectl o.f a{ificjaUy controllF t"i1i,."t *-".a -.i.iJJ", ..if invertebrates inuncovered plots in the field, that has. bee; co,ected since i96i, nr. U."o anAysed. efteill rnonths, the total number of arthropods i" th;.. piri;;;;;}ua u."o heated fromoverhead, but not given extra water, haaao*"ra, *nJ."* tl"-to.-t"r nr.u". i, ,i. 

".ry-lal q$ that were given extra warer, had not. Decrease io tn" totuf numbers in therormef prots was, therefore, Drobab^ly attributable to partial desiccation. fr.tt". uray.isshowed.that.heating, without artifiial watering, d;;;;;;;;t"t numbers of mitesand springtails, without having a proronged 
"6;a "; th;;;;u"l or so, invertebrates

I..1lhllj: luantilatiry chanies. in-thr ;-p;iti.;;f ;" 
"-.t#.poo 

fauna were also
11r_-"1-I%"A-rpte, about l!% ot t\e toral fauna of the heatea ana waterea-ptots
cotrsrsreo ot mttes. but onlv about 5Z-% of that of the heated, unwatered plots dii so-changes in the relative proponions or iost oraers or -it".'ir-ii."i.or mite populationwere also apparetrt, the Mesostip.ata (which contains .ort oi in" p.eO"i..i 

-nit*rj
being one 

.of the exceptions in thal ,rs poprtutioo .imuioJior'tunt ."gu.OIess of treat_ment..Similarly, in the springtails, tte numter 
"f 

S.iotnrria* 
"t"nged 

most, whereasthe relative proportions of poduridae and Isotomidae i, in" iotuipopufadon remainedalmost coosr,r'it. It seems probable that such 
"h;;g". ;;il;l i" "t-g". i, tl"populations oftbe other soil animals that provide foo-<l foi tlor" g;op, 

"nose 
numberswere diminished-

^Soil 
sectioning was used to study the efect of tr€atment on the vertical distributionof the arthropods. The effect of the overneaO teatini, Gtn orii[oot 

"oaidonal 
water,was to diminish the size of the total population d'the ;;p; tayers of the soil. Forexample, in spring 1971, most mites were found f_: cm UeiJw-tnJsurface in all heatedplots, compared with 0-l cm in unheatea, cort ot piots. Simiiarl[ the springtails tended

::^:t*119:-dfpet layers. of.the soil, some species more th;;th;^. Th";"t" rugg..irtra[ ornerences ln the vertical distribution of arthropods in the diflerent plots ieremainly due to the efects of heating on mortality 
"na 

6irt[ ru., .utt"r than to inducedmigration deeper into the soil.
The treatments caused changes itr the total amount of vegetation on the plots, which

may well have affected the fauna. Simil6lty, the porosity ofihe surface tayers of ite soit
in_the heate_djnd watered plots was decreased, *U.n ri"i"fr" n"r" affected the fauna.(Haines and Edwards)
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SIuSt

An c[periment was made on RothamstEd Farm to compare- the protectiou from slug

.lemtse to Kins Edward pot too oUti"J when molhiscicides were placed eithcr in

tte;ige 
"too",-ot 

both in the ridge and in the furrow'*irii-uit-"*iui+o 
%) and "ralcord'" foiwhi"h th" co--oo o"-" thiocarboxime is being

"d;ffiil3rJ;'j,'r"t "r"t"a 
in cros-tinked gelatin with sucr-ose as an arestant werc

used. The gelatin formof"uoo" *et" e""n "pplii 
at the rate of5'6 kg'lha durin-g &iling;

it-"i 
"[ 

li1n" ;age or half fte quantitv ii'tne riags ana mf in the furrow' The r€sults

are shown in Table 6.

TABI,E 6

Efect of motfuscicide dispersal on slug dotage to potatoes

% dsnagrd tubcrs
Trcamt from 60 Pla[ts

Nooe 17.9liiii'a' io taet ootY Z'l.Talcord'. in ridtgp and furrow .9 1
Ecthiocaib. itr ridge oDlY r9'?
D€thiocarb, in ridgP and furrow t'r

Both methiocarb and'Talcord' gave better results,when-incorporated in the ridges and

r.iIi.*,i", il"v aa when placei in the ridges onty' (stephenson)

Field beens

Dresge c.uselt by Sitonolan*. Last year's experiment.t*9t€fille the eflect on yield

;iffi;;; th; ioot of b"ro, uv 
-i"i""i tr ihe weevit sitona lineatus was repeated'

;id;rsi th;;;b"i or uaun 
"ttultiog 

iue c19-n-1ry^{rcaer,than in le72' the number

of larvae attacking the roots was miih siaffer 1rfZZ, +O tanae/root; 1973, 6 larvae/root)'

;i.;;ffit;, ;d;t.H 
"tt"i..a 

r-. pi-" siw riom 
'it's-rt"e 

seed in west Barnfield

il;ffi;r,ly'ilt*J *n"o-tu''' sitoia lanae were controlled with insecticides'

*n"riiG" *ia from plants gro*o ftot virus-infected s€ed in, Great Knott field was

I*-if"u" ,1 
-is;;d*.'-a ni.i"n"r,*itl cockbain, Salt aad Hornby, Plant Pathology

Department)
TABI,E 7

Efect of chemical conttol ofsitoan la ae on the yield ofrteU beans

(Virus-ft€e s.cd sowtr in W' Bamftl4 vitueitrfoct'd sc'd in Gt' I(.oott)

Ilrva€/root
' Gt. K.trott W. Barnfdd

Yield (/ha)

Trcatmaot
Notrc
'Dc,@n- (fungicid.)
rldiqrb (Ematici&)
BHC dtrscciicidc)
diel&in 0E!.cticidc)
S.B. of diff.t€ncc batwlsn Yiclds

4.1
4.4
2.6
1.2
0.8

1.1
1.1
4-4
t.2,-,

Gt. Xnolt
3.18
3.10
3 .61

3.33
3.32

+o-m

w. Bamfdd
3.1r
3.n
3.78
4.31
4.01

+0.133

Honeybees

Influ€oce of qr€en lhing' on crarnhg' Swaming bv colonies Ft hT-:qll:y,g

r**';s::mliff x.tn*#:lx:*,*""ff 'lr"lH;{:H."t:E',i#
;;;il il;hi"h 

"opti".tioo 
or 6ia"a, or artifcial, piping sounds to a few colonies

ffii;;;;,;d ;;';;;;el" otherwise verv unlike-ly circumstances' have been

i;i;;;,h-" ;rttofi "*i;-"ot. 
Ten out oi 20 smali colonies with voung' virgin

NI
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queens were exposed to an artificially g€nerated_piping sornd. Five ofthese ten swanned,whereas none of the ten without soun-<l Aia so. it ieeGsiitefy, tn"."for", that a function

H"T*)jSi 
or queen piping is to induce 

" ;";1"r""; ,[i ni"".' tSi-p.." -a
Commudcatfun A successful honeybee forager helps other bees of its colony to fitrd afood.5eu-se by leaving bee-proouoa .""rr oo-tn";;;;;;rr;rg sceat of tbe sourceand its surroundings back to the nest, 

"no 
p..fo.-ior"o'"*ii,"i,o.y 0"o". on a comb inthe nest' The dance arso reDresetrts th. poi", "."Jirt"r "r 

inJ'position of the sourcer€rarive to the nest and the diiection oitd;;;,;t;;;;lt ;iiriiri""ile,t. u..s stimuraredpy the dance more- precise gurdance than the scenl aoo" ,lo-ua. Tbat the coordinatemlbrmation is, in fact, communicated to tne recruits tras Gn quertionea. In order toobtain more information on this point, observations were made oi the rate of recruitmentof bees over a distance of 470 m on Rothamsted f"... -Wt* ii. observation hive inwhich the colony from which the begg yere .;;;d ;, ;;l; aitematery verttcal lthenormal attitude) and horizontar (in which conoition a uee cam"iJ"t" it" air* *p*ilithe directional coordinate), the iate of rec.uitment wlttine nli" iJ.irontat o", upp.ori-mately half tbat with the hive verticar. rtit r"ruri ioaLGs eitier that dan*s on ahorizontal comb are less stimulatory than tt 
"." ", " ,1ii""i"co-mi, or tnut the recruitsdo use the directionat information intne a-"" ,rn"oit i;;;;;;; o, u 

""rtical 
surface.The latter_ interpretation is considered t. U" tt" rnii" p[l"Uf". tSr.p.""'"rjGreenwood)

Footprht sb"tance of the worker honeybee. one of the bee-produced scents that workerhoneybees Ieave on food sources and with 
"rri"r, 

il"v .-"*'trr" t.uo"", of their hivesis footprint pheromone. Al active fraction has b; ;;t irJ ii 
"*t 

u"tlrg footprintsubstance, collected in gtass rubes through which b*, *;;;;;;il.d to leave and entertheir hives, with hexane or dichlorometi'an., f"ft.*". UV .t o-J"iog.rphy of its neutralcompou^nds.upon thoroughly cleaned silica ger: at aitivity was associated with theneutral fraction. Chemicar tests itrdicate that thi-s pberomooel! ao *sutu.uted compoundwith_an.hydroxyl group. This is supporred Uv iti, 
"lr"."tig.ifu:c behaviour. (Butlerand Welch, with Greenway, Insectiiides anO 

'nungiciOes De;;;ffi|

l11lT d:tTlr-C foort storsge rnd hood rearing in comb. Some of the factors deter_rruruDg whether particurar celrs are used for storing food or brood rearing nave beendiscovered. Special combs nreoared experimentuffy 
-'ro. g.orpi of ."ff. 1."'"tiorr; ti"ihad, immediately beforehand, been used uv_u.es r.iva.iouiJili.ii purpo.", *"r. gir",to colonies whose reactions were then not;d. Bees stored h"r.i u"a pirU"ir l, *ort".?Usin preference to drone ce[s. The choice or *orter oi droo" oir, drirooo ."uring variedwith the t'Ie ofyear; the queens often laid .er"rul 
"ooJoti"J elgs all in drone cells orall in worker cells. Whereas workers with developed ou".lo p.Farr"O to lay in dronecells, queens whose spermathecae were empty, and that laid u'nfertitseO 

"gg; 
;y; diJnot prcfer to do so in drone cells. For storing iood, bees prefenJ worter cells in which

!1goj naa.beel reared, in ?reference to newLlh; and af.'o p."i"*J *U, in which food
T f:" stored to new c€lls.-eueers were equally ready to lay iD trew cells and those inwrrcn Drood had beetr reared, preferring these types to cells that had contained fooJ.li

seems clear, thereforc, that the use to which a Gll has recently Gn put influences iiifuture use. No evidene was obtained that when b*. "I.;;irti Jls they prepare them
!n ways that influence their future use. However, the position-oii i]i'in .etation to othersin a 

9o.mb ggnriining brood and food does upp.ui to U" i.p"J"t. Normally fooJis
stored in cells above thosc containing brood, and when con*-we.e rotatea so that their
208
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faces were in the horizontal rather than
disrupted, and food storage cells became
Williams)
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the normal vertical plane, this system was
interspersed among brood cells. (Free and

Pollhrtion
Sefi-fertile appte trees. Attempts have been made to discover whether the yield of self-

fertile applj trees is incrcased when pollinating insects visit their flowers' Although
introducing bees considerably increased the amount of pollen transferred to the flowers'
stigmas, it-did not increase the leld of fruit signifcantly, so presum- ably pollination was

adlquaic without insect visir, and using bees to pollinate 
-self-fertile 

apple trees is
orni"r..ury. (Free and Williams, with Drs B. D. Smith and K. G. Stott, Long Ashton
Research Station)

Hybrirt brussels sprouts. It was confirmed that honeybees and bumblebees sometimes

fail to discriminite b€tween the flowers of some cultivars of brussels sprout, while

discriminating well between others. Because discrimination could result in inadequate
pollen transfei between cultivars being grown for hybrid seed, it is desirable to study the

;bility of bees to discriminate between cultivars of brassicae at an early stage in work to
produce new hybrids. Such studies have been made on two cultivars of kale being grown

ior hybrid seed by the Plant Breeding Institute, Cambridge. One cultivar had larger
floweis than the oiher and many bees tended to 'rob' them of their nectar by inserting
their tongues between the bases of the petals and sepals, so failing to get pollen on their
bodies. Furthermore, the bees that visited these larger flowers and that had learned to
obtain nectar in this way tended to continue to visit them in preference to the smaller
flowers of the other cultivar and so helped to reinforce the constancy of bees visiting the

different cultivars and limit the amount of pollen transferred between them.
However, many of the bees that entered kale flowers for nectar in the normal way, so

getting their bodies dusted with pollen, failed to discriminate between the two cultivars,
io a degr"e of pollen transfer in both dircctioDs was, therefore, obtained. This could
probably have been increased by using more colonies in this field. (Free and Williams)

Bee rtiseases

Arkansas b€e yirus. A search in the USA for viruses of bees revealed a previously
undescribed virus from apparently healthy adult bees or their pollen loads in Arkansas.
The virus, which eontains ribonucleic acid, has isometric particles about 30 nm across,

thus resembling some other bee viruses. However, unlike the particles of any other bee

virus, their sedementation rate (Szo, w) is 128 and their density in caesium chloride is
1.37 g cm-s. Morcover, the virus is unrelated serologically to any of the other known bee
yiruses. The virus behaved similarly when injected into bees either from N- America or
from Britain. Young bees injected with terminally infective dilutions of Arkansas bee

virus died after about three weeks, whereas similar control bees lived for seven or eight
weeks. (Bailey)

B€e yirus X, Iiboratory tests c.ith Arkansas bee virus on apparendy healthy bees in
Britain during the late winter led to the identification of a further previously unklown
virus. Its isometric particles contain ribonucleic acid, but differ from all other known bee

virus particles as they are about 37 nm across, have a sedimentation rate (526, w) of
187 and a density in caesium chloride of l'36 g cm-3. The virus is also serologically
unrelated to any other known bee virus. Surveys showed that this newly recogoised
virus was extremely common in bees from many parts of Britain in late winter, but was

scarce in summer. Named 'bee virus X' because of its uncertain role, it has never been

m9
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noticed beforc, probably because bees had not previously been used for the cuttivation
of- viruses during late winter owing to thefu usually poor condition relative to that at
other times- of.the year. How mucl bee virus X clntributes to this poor condition is
uncertain, for it seemed as common, although the viral particles were possibly not so
numerous, in live as in dead colonies. It shortened the lives of bees stigiUy Uui signin-
cantly when injected into them in laboratory tests. (Baile,

Acde b€€-panlysis virus. When examining samples of bees from many parts of Brirqin
for bee 

-virus 
X, samples from most colonies thit had died for no obious re.ason, ati

gany often do in late v/inter, were found to contain much acute bee paralysis virus.
'.t'n1..--.s y!ru9 

-was 
not seen, or w:ut yery scarce, in bees from live colonies.'Up io 35i- of

individual bees from the dead colonies contained as much acurc bee-paralysiis virus a-sin
bees kiued by the virus injected in laboratory tests. This is the first-occasion on which
acute bee-paralysis virus has been detected as , [kely cause oflosses in nature. previously
detected in apparently healthy bees, especially during summer, its ability to kill bees has
been. 

-know1 
for m?Dy years only as a laboratory phenomenon, under experimental

conditions that made the efect seem only of academii interest.
Acute bee-paralysis virus appears to cause a slowly progressive infection that becomes

seyerc in nature usually after a long period, as in late winter when most bees are several
months old. Bee virus X, and Arkansas virus, may well act similarly. (Bailey)

Ctmnic b*Fralysis yins. A virus isolated from bees in Texas, and cultivated in
b€es in the USA or in Britain, seemed identical to chronic bee-paralysis virus in most
resp€cts. 

- 
It caused the same symptoms, was composed of three milor componeots,

produced a precipitin line in get-diffusion tests confluent with that of cbronic bee-
paralysis virus, using an antiserum prepared against the latter, and migrated as a single
component in gel-immunoelectrophoresis at the same rate as chrofuc bee-paralyiis
virus. However, its components had sedimentation rates (Szo, w) of about g0, 90 and
100, whereas those of chronic bee-paralysis from bees in Britain average about 100, 115
and 125. @ailey)

Nodrnur virus. This virus, discovered elsewhere as an inapparent infection of mos-
quitoes in Japan and as a lethal for suckling mice, kills beeJ ind wax-moths (Gatteria
mellonella). It multiplied in tissue cultures of Aedes aegypri utd, of Aedes aliopyctus
without causing cytopathic efects, and the infected tiisues could be subcultiv;ted,
apparently indefinitely. Afret 7-14 days at 30"C, I ml of the tissue culture fluid of l.
albopycns conttined, about 108 LD 5&, by injection for bees (equivalent to the infectivity
ofan extract ofone bee killed by Nodamura virus) or about lot LD 50s by inlection foi
wax-moth larvae (equivalent to the infectivity of I0-z of the extract of one wax-moth
larva killed by the virus). (Bailey and Stanley)

The physical and chemical properties of Nodamura virus from bees and wax-moths,
and its effect on suckling mice were identical to those of virus derived initially from
mosquitoes and subsequently cultivated in mice. (Bailey, with Dr. J. F. E. Newman,
Animal Yirus Research Institute, Pirbright)

Stsff

T. I-ewis returned after working for ODA for three years on leaf-cutting ants in Trinidad ;
G. J. W. Dean left for Yientiane on a two-year tour for ODA and R. Bardner was
seconded for work at the Coffee Research Station, Ruiru, Kenya" for two years. D. G.
Gibbs left when his grant expired and Mary Short, an ARC scholar, arrived.
2to
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J. Bowden visited Cairo for a fortnight to study collections of Diptera at the inYitation
of the Smithsonian Institution, Washington, and the Entomological Society of Egypt'
He also visited Geneva as a member ofa working party on Aerobiology of the Commis-
sion on Agricultural Meteorology, WMO'

C. A. frwards was a delegate to the V Intemational Colloquium of Soil Zoology
in Prague, in September, where he organised a meeting of the Soil Pests Group of the
Organisation Internationale de Lutte Biologique Contre les Animalx et Plantes Nuisibles.
l. E. nree, Ingrid Williams and C. G. Butler (who acted as President) attenqed the VII
Congress of the International Union for the Study of Social Insects in London in
September.-sandwich 

course students who worked in the department were P. Elvin, M. P. Nicholls
and J. Short.
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