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THE WHEAT BULB FLY,
LEPT OHY LEMY I A CO ARCT AT A FALL.

A Revieu of Culent Knowledge of its Biology

Bv

D. B. LoNc
INTRoDUcIo:'l

Wheat Bulb Fly has been a pest of wheat and other cereals in
Britain for many years (Curtis, 1860; Ormerod, 1882, 1892).
Recently its effects on wheat crops have increasingly attracted
attention, particularly in 1944, 1945, 1952 and 1953. In 1953 the
National Agricultural Advisory Service reported that 60,000 acres
of wheat failed, 60,000 acres needed to be patched and more than
another 80,000 acres were damaged, and the direct loss at dl,21O,UJO
was estimated (Gough, 1957a, f957b). At Rothamsted Wheat Bulb
Fly has infested winter wheat on Broadbalk since 1925, when a
system of fallowing to control weeds was introduced, and its biology
has been studied in the Entomology Department since 1953.

Lrrs Hrsrony

Ormerod (1892) recognised that the fly had only one generation a
year and that the infesting maggots came from eggs laid in the soil
before seed sowing. Eggs are laid in the surface layers of soil lrom
mid-July until, according to season, September, and unless subse-
quent ploughing is deep they mostly remain in the top 3 inches of
soil (Petherbridge, Stapley & Wood, 1945). The initial development
in the egg is completed in 2 weeks (Hedlund cited by Rostrup, 1924;
Gough, 1946), but it does not hatch till early spring (January to
March). The newly hatched lan'a can survive without food for at
least 5 or 6 days (Gemmilt, 1927; Long, 1960a) till it locates a host
plant. The lan'a enters the base of a shoot and spends about three-
quarters of its larval life feeding on the central tissues; it then moves
to another shoot, possibly on the same plant. It moults twice, once
late February-arly March and again late March-+arly April (Gough,
l9f6). During April and early May larvae firally leave the plants
and, after a prepupal stage lasting some days, pupate nearby in the
soil about I inch below the surface (Gemmill, 1927; Gough, 1946).
The flies emerge in early to mid-June, and copulate about 3 weeks
later. During this period the flies remain near the wheat crop from
which they emerged, but the female flies then gradually disperse
over a wider area during the oviposition period, when eggs are laid
in bare soil o{ fallows or beneath potatoes and other root crops.

DISTRIBUTIoN

\lheat-Bulb Fly occurs in central and northern Europe, in the
Low Countries and Germany, Denmark, Sweden and Norway and

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-92 pp 3

TEE WHEAT BULB FLY 2I7

parts oI Russia. Its southem limit in Europe borders on regions
with more than 5{ months with temperatures during the day higher
than 9'C. (Schnauer, f929). In the British Isles Wheat Bulb Fly
is mostly con6ned to the eastem side of England and Scotland; the
distribution is roughly bounded by the 30-inch rainfall isohyet
(Thomas, 1948), which also bounds the wheat-growing area; distri-
bution may thus be explained on a basis of cropping and rotations
(Gough, 1957b). Areas where it is most important are Isle of Ely,
Lincs., Notts., Hunts., W. Suffolk, Essex, Beds. and Cambs. in
England, and Mid- and East Lothian in Scotland.

HoST PLANTS

\\rheat, rye or barley can all be infested when sown in autumn or
winter, but oats are immune (Gemmill, 1927). In experiments
larvae did not develop in oats, and relatively few reached maturity
in barley (Gough, 1946).

Laryae rvere found in some coarser wild grasses, and flies were
bred out oI Couch Grass, Fiorin, Common Bent Grass, Meadow
Fescue, Meadow Grass and Rough Meadow Grass (Gough, 1946;
Stokes, 1955). Larvae attacked seven other species, including
Cocksfoot and Wall Barley, but no flies were bred out of them.
Couch Grass appears to be a comrnon wild host, and is more attrac-
tive than wheat to young larvae, which also develop more quickly
in it (Gemmill, 1927; Raw & Stokes, 1958). Barley, Common
Bent Grass, Rye, Meadow Fescue and Meadow Grass are all less
attractive than wheat in that order.

BroLocY
The eg1

The egg is whitish cream, about l'3 mm. long and 0'4 mm. wide
and weighi 0'08 mg. In summer most embryos are fully formed
within 14 days of laying. Embryos dissected out of the e88 shell
show movements (Gemmill, 1927) but no locomotion, and they
cannot infest plants even when inserted in shoots (Way, 1956).

The fully formed embryo has a diapause oI about 6 months,
about I00 days of which are obligatory (Way, f956), so that eggs
normally hatch in the 6rst I or 3 months of the year; Morris's (1925)
statement that some emerge in autumn has not been confirmed.
After its initial development the embryo requires a period at a
temperature below 12' C.; the diapause ends most rapidly and tht
deaih rate is smallest at about +3'C. (Way, 1959). A peculiarity is
that whereas diapause ends at -6' C. more slowly than at f3'C.,
temperatures around -20' C. shorten the egg stage irom 6 months
to 3. Below this temperature the eggs may lreeze and die
(Way, 1957, 196O). \!"hen diapause is comPlete the etgs soon hatch
rihen the temperature is above freezing, but not otherwise. Thus,
hatching can be much delayed by prolonged frosts.

Rostrup (1924) and Gough (1946) observed that eggs buried
deeply in soil also hatch late: as such eggs are unlikely to exPerience
temperatures as low as those at the surface, diapause may be pro-
longed.

Unless kept in a saturated atmosPhere or in contact with water,
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the egg loses water inecoverably: desiccation during the long period
in the etg stage is a hazard, and in dry years may afiect survival-
l\'ater constitutes 600/o of the egg, at 71oL relative humidity in
summer temperatures one-fifth of this is lost in l3 days, and half
the eggs die (l-ong, 1955). I-oss of water is primarily restricted by
the physical structure of the egg shell; damage to its surface in-
creases water loss, which also increases 2 or 3 davs alter treatment
rvith poisonous substances such as cyanide .rd" TEPP. Inf.rtil"
eggs from non-mated females lose water nearly twice as fast as
fertile eggs. \\'ater loss is often accompanied by a partial collapse
of the shell: many eggs from field soils show this, bul most are slill
viable.

THE LARVAL exo Puper Srecrs
Cultivation may bury the egg deeply, and cough (1946) showed

that plants can be infested from eggs buried 18 inches in sandy soil.
When larvae hatch they move steeply upwards to the top layerbf the
soil, where they respond to exudate (Stokes, 1956) producid by the
part of the wheat shoot beneath the soil (I,ong, lg58e). Larvae are
also attracted by exudate from the root zone near the base of the
plant, but this appears to confuse nther than help the larvae in find-
ingashoot. Guttation d-roplets from the leaf tipi are also attractir.e,
and on mnning dow:t to soil level these may reinforce the attractive-
ness of shoot exudate.

Larvae tend to attack urinfested plants (Ircng, 1958a), and
should an attacked plant be selected, they seldom attack a shoot
already infested. The exudate from infested shoots or plants is
presumably less attractive than that from healthy plants. Occa-
sionally more than one larva infests the same shoot, but they then
usuallv all die. The attractiveness of the exudate is decreased bv
boiling and destroyed by drying at high or low temperature. The
exudate is probably protein, which is destroyed fairly rapidJy in tbe
soil (Long, 1959).

In pots larvae buried g inches below the surface established an
infeslation most successfully in sandy soil, less so in clay soil and
nearly faiJed in a peaty loa.m (Irng, 1960a). Higtrly acid soils may
interfere with infestation: the failures in peaty loam were possibly
due to the soil impeding larval movement rathei than to adverse pFi.
Much of the wheat in the United Kingdom is grown ia peaty sbils
where heavy infestations frequently ociur, buthost of the e[gs re-
main in the top 3 inches of soil after culti\.ation (Pether6iidge,
Stapley & Wood, 1945), so the larvae have to travel less than in the
pot exp€riments to reach the host plant. In clay soil newly hatched
larvae can move at least 2l inches before infesting a plant, and mov-
ing from plant to plant can travel at least 33 inches during their tife-
span. After leaving a shoot, larae can detect adjacent plants, and
they move along the rows of plants rather than acioss them-
Nevertheless, manv larvae mav die because thev fail to infest
another shoot at tNs stage.

The larva enten the shoot through a very small hole bored at the
base and spirals upwards for l-2 cm. before descending into the
central leaf cylinder. As the larva destroys the growing point of
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the shoot and the bases of the central leaves, the damaged tissues
turn brown. The larva grows relatively slowly in its first shoot, and,
according to the size of the shoot, moults once or twice be{ore
moving out to infest another. Young Larvae generally restrict their
feeding to the white tissue of the shoot below ground, but older
larvae feed more voraciously and may also attack the central green
tissue above ground. \l'hen the base of the central shoot is fust
severed it is surrounded by exuding plant sap and remains green at
first, but turns yellow after several days. This process may be
hastened by dry weather, and apparently healthy wheat crops reveal
a heavy infestation by shoot centres tuming yellow with the onset
of dry weather.

Full-grown larvae vary considerably in size and form pupae about
6 mm. long and 2 mm. wide within a weight range of 5-16 mg. The
pupae are a light yellowish brown when first formed, but darken
with age.

THE ADULT STAGE

Many Wheat Bulb Fly problems concern the adult insect, e.9.,
its sex ratio, its Iood during the many weeks spent in the crop and
its fate by death or dispersion. \\rhy does the fly, unlike other
Anthomyicls, lay its eggs in soil and not on the host plant? An
answer to this might enable us to prevent oviposition in fields about
to carry wheat.

T echniques

Three difierent techniques were used to study emergence, life-
span, behaviour and dispersion of each sex in the field: sweeping the
crop with a hand net, using a large cage enclosing a known fly
population on a region of standing crop and releasing marked flis.
Unluccessful attempts were also made to develop a standard
trapping technique using sticky traps, water traps and suction
traps.

Net sweeping can be done only in daylight under lirnited weather
conditions. It takes much time, requires many people to sweep
several different places at the same time, is dificult to standardise
and the results of sweeping difierent t,?es of crops cannot be com-
pared quantitatively. Sweeping also disturbs the environment, so
it must not be done too frequently (Delong, 1932; Gouth, 1946;
Long, 1958b).

In the " field-cage " studies the number and distribution oi in-
dividually marked flies could be observed directly over periods
n ithout touchint them and without greatly disturbing the en-
vironment. Thus, with a fly population of known size and age, the
technique permitted studies on behaviour and length of life (Dobson,
Stephenson & I-ofty, 1958; Dobson, 1959; Dobson & Morris, f960).
Difierences between the efiect of environment inside and outside the
cage are difrcult to assess.

Field-cage experiments caDnot provide direct information on
dispersal, so observations were made on marked flies released in the
fietd. Fties were first labelled by feeding them sugar solution con-
taining radioactive phosphate (r'zP) (Long, 1958b), but later they
were marked individually with paint.
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E u et gence au.d lije slan
)\lales emerge consistently ,1-5 days before females and over a

shorter period (Gemmill, '1927; Dobson, Stephenson & Lofty, 1958;
!ong, 1958b). Most of the males and females emerge in ihe lirst
half of the emergence period. Sexes are produced in e ual numbers
and probably live more than 30 days; males die soon-er, and their
maximum observed life-span was 55 davs compared with 75 davs for
females. Fles emerging-later in the dason sdem not to live ai long
as those that emerge early (Dobson & Morris, 196O).

The d.aily rhythm oJ behaoiour an"d dispersal
The flies in a wheat crop have a daily rhlthm of activitv. Jn

early morning, when tempeiature is low, maiy may crawl ip and
rest on stalks and ears. As temperature rises, they become-more
active and flit betrveen stems. in temperatures above t2"-13.C.
they fly from the crop, and the number at the top of the crop
decreases rapidly and reaches a minimum by middav. Durine thl
aftemoon, whether temperature falls or not, the nuirber of fliL at
the top of the_crop slowly increases and reaches a maximum just
before nightfall.

Field-cage studies sholred that these movements result from two
periods of high activity during the day, one in the early morninq and
the other in the evening. Dobson (1959) related ihe Xriofu of
maximum activity to low light-intensities of less than 60 joules/cm.,
occurring at those times.

The fly is small, about 8 mm. long with a wing span of about
15 mm.; the female is dul coloured and the male somewhat darker.
Thry fly fairly fast and their movements above the crop cannot be
Iollowed by eye, so that an airborne population is not noticed.
However, because flies are less active in the middle of the dav,
flight above the crop or dispersal probably fa-ils to explain whv
fewest are observed on the crop at midday. Flies resting on the
lower parts of stems and on undersurfacqs of leaves, both inlhe crop
and nearby herbage, would not be seen, and sweeping shows thl
Iemale to be at a lower position in the crop for a period in the middle
oI the day.

. Activity is minimal during darkness, when flies rest head-upward
in contrast to the head-downward posture of daltime. The o6ssible
relation between low light intensiiy and high activity, horiever, is
interesting, as it may explain other observations: bough (1946)
describes active male flies congregating in the aftemoon in ihe shade
of t-rees, and reaction to llght may partly explain the disproportion-
ately large number of flies that often occur on the shadiei north-east
borders of the crop. Miles & Miles (f955) considered such a distribu-
tion could be attributed to attractants released from cultivated
damp soil, but this seems unlikely, as locat aggregations would tben
b_e expected on the upuind and nbt the dourrwind edge, as has been
observed in both wet and drv weather.

- The two widely separated periods of maximum activity will itr-
fluence the timing of the fly's other activities, such as dispersal and
oviposition. Experinents with marked flies showed tha[ flies may
spend periods of a day or more in a given area of crop, but they d-o
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gradually disperse into other areas. Males tend to remain on or
near the crop and may be found in loose aggregations relatively late
in the season. Females, however, disperse more readily and may be
found in surrounding fields and hedgerows. Thus the total fly
population tends to exist as a series of localised concentrations
centred around infested fields until harvesting and the distribution
of subsequent larval infestations indicate that dispersal is not over
great distances. The density of these concentrations steadily de-
ireases from June until harvesting as flies die ard others disperse.
Light winds seem not to affect either flight or dispersion, but winds
above 14 m.p.h. do decrease flight, and a gale decreased a local con-
centration by 75l" (Long, 1958b).

Daily rhythnr oJ oaiposilion

Diect observation on oviposition in the field is difficult. Hed-
lund (cited by Rostrup, 1924) concluded from field observations that
it happens in the evening, and in the laboratory egg-laying was
restricted to the afternoon and evening, with maximum lalng in the
2 hours before nightfal (Long, 1958d).

Keeping flies in the dark for 24 hous did not afiect their be-
haviour, and laying was also unafiected by chalges in temPerature
between I5' and 25'C. Exposure to light, however, afiects the
time of laying, and the oviposition rhlthm disappears by the 4th
day in continuous light.

Egg batches are laid at intervals of 4-18 days, and each batch is
laid over a period of l-6 days. The tota-l number of eggs laid over
successive days may exceed the number of ovarioles, and as these
only bear one matrue egg each at a time, eggs can develop raPidly
(within 24 hours) inside the female. Thus, because there are
intervals when eggs develop only slowly ard none is la.id, the effect
of light on the time of oviposition is more likely to be directly related
to the daily rhlthm oI activity, with its suggested association with
changes in ]ight intensity, than to the processes governing egg
matuation. In the evening, when the soil is still warm, activity is
maxinal on the crop, so if any eggs are to be laid they are to be
expected then in the nearest suitable site to the infestation. Gough
(1946) considered that each mature female laid, on average, up to
32 eggs, but Long (1958d) estimated the number to be nearer 50.

Ad.ult Jood,
In the field flies often probe drops of water on wheat plants,

flowering ears, nectar-secreting flowers of various weeds and dead
flies, but there is no proof that they are feeding, However, wheat
may be a source of food, as a crop in flower can influence the dis-
tribution of the fly population (Long, f958b). \\heat comes into
flower just after the flies emerge, but flowering lasts only about
l0 days and a supply of food is needed throughout the 4\ 'eek period
when the sexes are maturing. Thus the problem of nutrition in the
field lies behind the nutritional requirements for maturation of sex
cells.

In the laboratory various foods were tried, principally sugars,
dried or condensed milk, meat extracts or blood (Petherbridge, l92l;
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Gemmill, 1927; Gough, lg46; Bardner & Kenten, lg57). Diets
in the crop were simulated by offering fresh wheat Dollen. washinss
from leaves and stems kept in the dalf at tOOy" r,itative trumidiiv
to encourage the production of plant exudates, and water, but ail
failed to keep flies alive for more than a few davs. and no egss
matured (Iang, 1958a). Probing flies are sensitive io susars (Loii.
1957), whicb appeared to be essential Ior survival toeet-her iuithi
protein for matuation of eggs. Thus, females on a diet"of honev. old
bee pollen and water survived longest and laid the most egqi. It
was suggested that flies disappeared in the middte of the i"av be-
cause they were foraging for food, but Dobson & Morris (Ig@) ooted
that Aies lived long and matured normally in a field cagi wh.iih con-
tained very feu' plants except wheat and grasses. Thui the problem
of nutrition remains unsolved.

Ooiposilion sites

_ -14_Tyi, of soil and previous crop. Severe attacks by Wheat
Bulb Fly, are of_two types: those on heavy land after a ia[ow o.
bastard fallow.during- the egglay'rng perioa, and those on Iighter
t1nd (sa1!s. s!1s and peat) after potatoes or other root irops
(Gough, 1947, 1957a). Apart from this, difierences in the degree 

-of

attack-car frequently be related to the efiect of the previous ciop on
oviposition. Attacks in difierent localities and on difierent -soils

throughout the wheat-growing areas were severest after fallows and
potatoes, Iess after peas and roots and least after cereals, beans and
pastures (Gemmill, lg27; Petherbridge, lg44; Goueh. 1947. t94g).
Gough (1957b) states that in potato-growing areas ihe likelihood 6f
damage by Wheat Bulb Fly is greater the liigher the proportion of
land under potatoes. On thi relativelv u-niform c^lar/ loam of
Rothamsted the severity of attack is abt related to tlie previous
grop: t}_rus the heaviest attacks follow fallows or soil ploughed
during the eggJayng period; smaller infestations follorv lbw cirops
such as potatoes which do not form a dense, continuous cover; smill
attacks follow tall crops, such as beans and cereals, and least severe
are those after the mat cover of grass (l-ong, 1957b, 1958c).

This may possibly be explained by the behaviour of the fly, which
usually does not descend more than 18 inches into the crLp: tall
crops may thus discourage oviposition. The effect of the pievious
crop, therefore, might be interpreted in ierms of the opportunitv for
the fly to come into contact $ith the soil. However, soii attracG the
flies, which alight on large areas of bare land, areas unknown be{ore
agriculture. Atall standing crop influences the path of flight down
to .bar€ soil a1d. leducq eggJaying for a horizontal distance up to
twice its own height. Crop height may also afiect flight behavibur,
for no more eggs lr'ere laid in wheat that had bein drasticallv
thinned than in a normal stand (Long, 1959).

(bl Efea oJ soil. lrealments. Some of the severest attacks on
Broadbalk freld were in the dung plot, and severe attacks have been
noted inother fields on plots treated with dung up to 5 years earler
(Raw, 1954; Long, 1958c). These observationi werc'made after
dry summers, and Raw suggested that ovipositing flies were attracted
by organic residues in the soil. He failed to d;monstrate this ex-
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perimentally (Raw, 1955), perhaPs because his experiments were in
the wet summer of 1954.

Rostrup (1924) observed that cultivation appeared to afiect ovi-
position, aird Gough (1947) stated that compacted cloddy soil under
potatoes appeared to be preferable to light open soil under a weed
cover. Extensive experiments, both in micro-plots and on com-
mercial farms (Raw, 1955, l96o), showed that heavier infestations
fotlow a fallow with rough tilth and cultivations in the eggJaying
period than fouow smooth tilth and no cultivation. Raw sugtests
ihat a rough tilth favours oviposition because it exPoses more
surface o[ 6il with -or" possible oviposition sites in cracks and
crevices, and the number oi sites is increased by cultivation. Flies
lav eees mainlv in fallow land on hearry soil and in potato croPs
ori tig"n1 soit, possibly because light soils are seldom falloued and
cultiiated ..eis l""rr" a smooth 

-iilth. 
Furthermore, uncultivated

heary soil frequently " pans ", which might render oviposition more
difrcult.

MonrerlrY

Bremer (1929) recorded that 80% of eggs were emPty or,dead by
October, and Gough (1947) obsened that many disaPPeared in l94i|
but not in 19,14;-Raw (196O) found that few had disappeared by
February. The number of eggs that die probably depends on their
position in the soil, on seasonal factors and on the abundance of
predators and pathogenic organisms. In a dry season expos:d eg-gs

ioon shrivel and die; itt a wet season they may be retarded or die
when soil becomes waterlogged, Fungi cause some losses, but the
large autumnal losses reporlid by Bremer (1929) and Gough (1947)

weie probably caused by predators; Bardner and Kenten (1957)

suggeited thai speciesof Cofembola, Staphylinid beetles and mites are
reiionsible. Irifertile eggs \rere estimitea as between l5o/" (Raw,
1960) and 25ol. (Gough, 1947).

The hn'a is vulnerable between hatching and entering its first
shoot. The t,?e of soil and the distance between the egg and the
plant is most iniportant: thus 739lo of eggs died in 9 inches of sandy
ioit- but 98oZ in 0 inches of pcatv soil. Deaths are more in acid
soils below iH s 1t-ong, 1960). 

"Rau (lg#) suggested that the
number of shoots available {or inlestation is very imPortant; it
affects the survival both of newly hatched lan-ae and of older larvae
moving from shoot to shoot. The number of shoots is often directly
retated to seed rate and so is the number of surviving larvae (Long,
I958a; Raw, 1959).

\Vhen the number oI larvae approaches the number of shoots
mortalitv is slishtlv increased bv two or sometimes more larvae
enterine"the sarie siroot and dvini as a result: Goueh (1946) foundentering the same and dying as a result: Gough (1946) found

a .nnt2inF.t more than one larva. Larvaethat up to 3% of shoots contained more than one
mor'" inostly'in the surface la1'ers of -soil, and -weather probablymove mostly rn the surlace lavers oI sou, anq w(
affects their sur\.ival there, as they are liable to dryaf{ects theiriunival there, as they are liable to dry up quickly and
die: partially dehydrated lan'ae, ho*'ever, drink readily (YeUanby
& French, tO;S) 

-ana 
might be kept aliYe by a shower of rain.

Estimates of deaths of larvae are 70|o (Gough, 1947) and 75o/o (Long,
1960b), which may partly be attributed to losses associated with

& Frinch, 1058) and might be
Estimates of deaths of larvae are

later iarval movehent. \Vithin the plant, larvae appear to be
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remarkably free from parasites or predators, although a few may be
attacked by pathotenic organisms. Throughout the lawal period,
most deaths probably happen because of failure to locate and infest
the host plant.

Some pupae may be destroyed by parasites and predators. Of
4,800 pupae examined l0% v/ere parasitised: 8o/. by Staphylinitls
Aleochara bipustulota L. and A. inconspicua Aub6 (Dobson, 196O).
Pupae are also parasitised by Hymenoptera, notably a qnipoid
parasite lTrybliographer sp.) ar,d. occasionally the Ichneumonoids
Phyga.deuon olrositlts Thoms. and P. bichops Thoms. (Bardner &
Kenten, 1957; Dobson, 1960). Various soil artfuopocls, including
Amara sp., attack the pupae. Long (1960b) considered 160/o of
pupae to be parasitised, and total pupal mortality may exceed this.

Very little is knorm about predators that attack adult flies, but
spiders and dung flies (Scopeuma sp.) prey on them (Bardner &
Kenten, 1957). Flies are attacked by pathogenic organisms;
Gough (1947) observed a few killed by a fungus, presurnably Erzlzsa
muscae. Anolher fungus from the field, forming a cyst in the
abdomen, killed many flies in laboratory cultures (Long, 1956) and,
with t*'o other fungi suspected of pathogenicity, were experimentally
examined with inconclusive results (Buxton, lg58; I-ong, 1958a).

Factors afiecting mortality at difierent stages will vary con-
siderably between difierent localities and difierent years so that
estimates must be interpreted cautiously. Table I summarises
existing estimates.

Curruner CoNrnot

It was early suggested that \\'heat Bulb Fly could be controlled
by not sowing wheat after a root crop or a fallow (Gemmill, 1927).
However, Gough (f946) pointed out that this is often neither de-
sirable nor convenient, and estabIshed (1949), by showing that there
is a small permanent population in both wheat after cereal and in
areas not ploughed for 30 years, that changes in crop rotation could
not eradicate the fly. Other suggestions of Gemmill were to sow
after mid-February and lose the advantage of winter-sown wheat, to
avoid deep sowing so as to encourage tillering and to clear away
couch grass. Rostrup (1924) advocaled trap fallows sited near in-
fested fields and later planted with a non-host crop. In less-inten-
sive wheat-growing areas, field results (I-ong, Ig58b, lg58c) suggest
that attacks can be decreased by siting susceptible crops foilhe
following year well away from currently infested fields.

Wheat which is well established by the time infestation occurs is
best able to withstand attack, and so early sowing has been ad-
vocated. This is not always possible, and on heav"g land it may
encourage btack grass and increase the risks of a winter-proud crop.
eyespot and lodging (Gough, 1957a). Early sown .rops bear moie
tillers which assist the survival of larvae, so that culturat methods
aimed at decreasing the damage in one year may increase the fly
population and the risk oI future da.mage (Raw & I-oftv, l959i.
However, late sowing is to be avoided: ana because larva rio*alitv
can be greater at low plant densities, Raw (1960) recommends thai
the seed rate should be kept to the economic minimum for a high

P
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yield and that, if the intended site is fallow, it should have a f,ne tilth
and not be cultir.ated during the oviposition period.

Errecr oN Yrpro

Gough (1917) found that good yields were obtained when 39 and
66% of the plants had been infested in the spring, but with in-
Iestations of 79 and 819/0 crops failed. However, yields are much
iafluenced by other factors, such as season, soil fertility and disease,
although the last is seldom serious after a fallow, when \Vheat Bulb
Fl1, may be numerous. Therelore Raw & Lofty (1957) and Raw
(f96O) assessed the effect of attack on leld by direct experiment.
Areas of Iallow, both at Rothamsted and at farms elsewhere, were
covered by fine-mesh terylene screens durint the oviposition period,
and the larval infestation and leld of these areas were contrasted
with those oI the surrounding wheat. Yields from small plots of
wheat on Pennells Piece at Rothamsted, where cultivation and tilth
experiments had altered levels of infestation, were also compared,

The effect of damage on yield depended largely on plant growth
in the crop. Thus on Broadbalk, infestations up to 30o/o of plants
did not afiect yields of gain or straw. On Pennells Piece plant
infestations of 37-8lo/o decreased grain by up to 6 c\it./acre, but at
Herkstead Hall and Fowes Farm no decreases were observed with
infestations up to 860,00O larvae/acre (equivalent to 73% of plants).
Yielils of 30.5 crt. grain/acre were obtained with 8lo/o infestation at
Rothamsted and 32.6 cwt./acre with 73o/o infestation at Fowes
Farm. Raw observes that these results show that wheat can with-
stand or compensate lor attack considerably, and suggests that there
may be a critical balance between crop {ailure and recovery.

FoREcAsTING

To Iorecast attack by \Yheat Bulb Fly which would be of value
to the farmer, we need to know the expected level of attack by tarvae
in the spring and the probable efiect of the damage on yield. The
possibility of basing {orecasts on egg counts was studied by Bremer
(1929) and by Criiger & Ktirting (1931), and from their results the
amount oI damage appeared to be related to egg number. However,
the considerable variability in the local distribution of eggs, in
viability and ir mortality, together with unknown variability in
factors afiecting mortality of larvae, render such estimates too un-
reliable in my opinion for practical purposes, and Gough (1947) con-
sidered that egg counts would probably be valueless.

Although weather seems to influence outbreaks (Gough, 1947),
attempts to find the important factors have failed (Kleine, 1915;
Petherbridge, l92l; Rostrup, 1924; Schnauer, 1929; Bremer,
l93l), perhaps because the efiect of weather on egg lalng only
was considered, whereas that on plant growth may be the most im-
portant.

At present, therefore, there is little hope of making long-term
forecasts of attack, but it remains possible to forecast in the spring
the possible effect on yield from observations on plant groMh and
inlestation in the field. Simple estimates of larval population do
not serve this pu4)ose, as Gough (1947) found a crop failed with a
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pgpulation of I8O,000 larvae/acre, whereas Raw (1960) observed no
efiect on yield with a population of 860,000 laiwaeiacre. Goueh
(1953) lists plant vigour, rveather, soil consolidation, date of sowiie
and soil fertility as determining the effect of the attack.

Crop recovery has two major inler-related factors: the recoverv
of attacked plants and compnsatory growth in adiacent un-
attacked plants. The size of the plant at the time oi attack is
obviously rmportanJ, and, if the atiack is very heavy, as in lg53,
m_ay be critical. Gemmi[ (1927) suggested that atiacked plants
tiller more readily than unattacked plants, but such planis are
usually retarded (Irng, 1960b). Horverer, fewer attaclied plants
die than was 6rst supposed, for some recover if soil conditions and
weather are favourable. The extent o{ infestation coupled with soil
fertility and weather govem compensatory growth in unattacked
plants, and the relativi numbers oi attack;d"and unattacked plant
at different stages of the infestation must be considered. However,
the availability and size of plant shoots appear to determine both
larval growth and mortality, and so to influence the course of the
infestation. Thus the close study now in progress of the interaction
between the_development of infeitation and aisociated plant groMh
may,reveal Iactors which will make possible more accurate forecasts
of effect of infestation on yield.
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