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Abstract

Loosjes, M. (1976) Ecology and genetic control of the onion fly, Delia antiqua (Meigen).
Agric. Res. Rep. (Versl. landbouwk. Onderz.) 857. Pudoc Wageningen, ISBN 90 220 0611 5.
(vii) + 179 p., 95 figs, 39 tables, 331 refs, Eng. and Dutch summaries.

Also: Doctoral thesis Leiden and Meded. Inst. plziektenk. Onderz. 743

Literature data on the onrion fly's biology are given. The field work on its ecology,
relevant for genetic contrel, is reported, with an emphasis on dispersal. The methods

used are discussed, especially marking the flies at emergence, releasing sterilized pupae
dug in the soil, recapturing flies by flight interception traps, and sampling of pupae.
Some data are given on the prediction of emergence, the incidence of diapause and
Entomophthora infection of the flies, The distribution of damage and pupae can be descri-
bed by the negative binomial, and problems are encountered in estimating confidence intervals
for the mean density. Demsities of pupae normally are some ] 000 -20 00U per ha. From
estimates of the life-span distribution of female flies and the frequency of oviposition
phases the fecundity is estimated. Reproduction factors are found tc be about 7 and 3 for
the two flights, respectively. Dispersal is shown to be in general independent of the wind
direction, Several methods of estimating a diffusion coefficient to describe the fly dis—
persal are applied. The best resulti are obtained by computer simulatiocn with heterogeneity
in time and space, yeilding 2 000 m“/day in onion fields and 14 000 m?/day outside these.
Dispersal is age dependent, occurring less in reproductive phases. The logarithm of the
total number recaptured of the released group is abeout linearity related to the distance
from the release site. Field trials on control by sterile males are described, and data on
competitiveness and reproduction are given. In an onion growing area 1 ha treatment gave
successful control. A release schedule for the practical application of genetic control to
the onion fly is given with estimates for release site density, barrier zone depth, over-
flocding ratiecn, and optimal distribution of available steriles over the two flights and
the subsequent years. For the Netherlands, an estimated mass-rearing output of 1.5 x 109
competitive fly equivalents is needed,
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1 Introduction

The main insect pest of onions in temperate regions of the northern hemisphere is the
onion fly, Delia antiqua (Meigen) (e.g. Hennig, 1953; Balachowski & Mesnil, 1935; Essig,
1926; Miller, 1956; Metcalf & Flint, 1962). It may destroy up to 50-100% of the crop.
Effective chemical control measures have been developed and applied mainly during the past
few decades (Dustan, 1938; Wright, 1938; Mcleod, 1946; Maan, 1947).

Research on the onion fly has been done on its gemeral biology (e.g. Eyer, 1922;
Kdstner, 1929b; Isaev, 1932; Maan, 1945; Miles, 1956, 1958a; Rygg, 1960; Perron and co-
workers, 1951-1972; Eilington, 1963) and on special aspects like laboratory rearing
(Friend & Patton, 1956; Friend et al., 1957, 1959; Allen & Askew, 1970), attractants
{Peterson, 1924; Matsumoto & Thorsteinson, 1968a, 1968b; Matsumoto, 1970} and reproduction -
{(Missormier & Stengel, 1966). A bibliography has been given by Scott (1969), more selected
references are found in Hennig (1974). Literature compilatiens on its life history have
been made by Beirne (1971) and Schmnitzler (1967).

Development of resistance against pesticides used (Howitt, 1958; Anonymous, 1967;
Brown, 1974) and the hazards that pesticides constitute for the environment caused re-
search to be started aiming at the development of genetic control of the onion fly in
‘the Netherlands (Noordink, 1966) and also in Canada (McClanahan % Sinmons, 1966; McEwen
et al., 1973). The method of genetic control was first applied by Knipling (1955),
Baumhover et al. (1955) and Lindquist (1955). The development of the genetic control
method has been reviewed by Proverbs (1969), Smith & von Borstel (1972} and Whitten &
Foster (1975).

The ordinary type of genetic control is the sterile insect technique or sterile male
technique. By release of sterilized males of the same species in high mmbers, the possi-
bility of a wild female to mate with a wild male is lowered to the extent that the average
number of reproducing offspring per female is less than two, resulting in a population
decline. Other possibilities of genetic control are based on more subtle genetic manipu-
lations, like induced chromosome rearrangements.

This report contains the ecological part of the research for the development of ge-
netic control of the onion fly in the Netherlands, carried out by a research team at
Wageningen. Other aspects examined by this research team are:

- mass rearing (Ticheler & Neordink, 1968; Ticheler, 1971; Noorlander, in prep.},

- sterilization (Ticheler & Noordink, 1968; Noordink, 1971),

- use of radioisotopes (Noordink, 1971},

- histopathology (Theunissen, 1971, 1973a, 1973b, 1976},

- sterile-male field trials (Ticheler et al., 1974a; Theunissen et al., 1974, 197%),

- chromosome rearrangements (Wijnands-St#b & van Heemert, 1974; Robinson & van Heemert,
'_‘1975; van Heemert, 1973a, 1973b, 1975; Vosselman, in prep.),



’

- simulation of control strategy (Wijnands-Stdb & Frissel, 1973).

The team's research on the sterile insect technique and general aspects is reported
in: Jaarverslag Instituut voor Plantenziektenkundig Onderzoek 1964 (1965) and following,
and more condensed in Annual Report Institute for Phytopathological Research 1972 (1973)
and following. The genetic research part is covered by: Application of atomic energy in
agriculture, Annual report 1969 association Luratom-ITAL (1970) and following. Together
these data can be found in: Commission of the European Community Euratom, Annual report
1971, programme biology - health protection, Luxembourg {1972) and subsequent issues.

The aim of the study was to provide data on the ecology of the onion fly, necessary
for application of genetic control, and tc investigate the feasibility of genetic control
under normal field conditions. At least partly because of this programme, and because of
the limited manpower made available, the data presented are a somewhat unbalanced account
of the onion fly's biology. Especially the data on the life cycle and niche are limited
to mere incidental observations. More details are presented on densities and reproduction,
as these aspects are closely linked to the dispersal which is the main object studied.

Reproduction and mortality were not chosen as the main object because investigations
in change of population size have to start by delimiting populations and measuring the
degree of exchange among them. Also, the experimental analysis of population dynamics is
rather laborious, whereas the data relevant in a sterile male control program can be ab-
tained from only executing and analysing pilot projects with sterile releases, as pointed
out by for example Lindquist (1969} and Weidhaas (1973).

The data collected, especially those from a pilot experiment, are used to provide an
outlook on the practical application of sterile males in Dutch onion growing.

As the research on chromosomal rearrangements is not yet in a field testing stage,
the field work will be considered only in relation to the sterile insect technique.

The experiments were carried out from 1970 to 1974. The field work was done mainly
on the former island of Cverflakkee in the SW of the Netherlands, with a base at the
Foundation Dutch Onion Federation (SNUiF) at Middelharnis. The laboratory experiments
were done at the Institute for Phytopathological Research (IPC) at Wageningen.

Also some of the data obtained from a series of field trials on control by sterile
males at the experimental farm "the Schuilenburg' near Wageningen (Ticheler et al., 1974a;
Theunissen et al., 1974, 1975) are included in this report.



2 Introductory data on the onion fly and its control

2.1 GENERAL BIOLOGY

2.1.1 Tazonomy

The cnicn fly is a dipterom, belonging to the family Anthomyiidae. The synonyms cur-
rently in use are Chortophila antiqua (Meig.), Delia antiqua (Meig.), Phorbia antiqua
(Meig.), Hylemya antiqua (Meig.) and Hylemyia antiqua (Meig.). The last is a later cor-
rection of the orthographical mistake in Hylemya.

Following the recent revision of the Anthomyiidae (Hennig, 1974), Delia is used here.
In earlier publications of the onion {ly research team Hylemya has been used because of
its predominance in international use.

In earlier applied entomological literature also the following synomyms occur:
Anthomyia antiqua Meig., A. ceparnm Meig., Hylemyia cepetorum (Meade), H. ceparum
{(Meig.), Pegomyia cepetorum (Meade), P. ceparum (Meig.), Phorbia cepetorum Meade,

P. ceparum (Meig.) and Leptohylemyia antiqua (Meig.).

3.1.2 Morphology

Adult The species Delia antiqua can mostly be identified from its general appearance
(Fig. 1): its size, its olive grey (males) or slightly yellowish grey (females) dorsal
part of the thorax which is practically unstriated, and the general shape of the male
genitalia in side view. In case of doubt the following characteristics can be used. Males
have a typical irregular row of relatively short hairs on the tibia of their 3rd leg, at
the medial-caudal side (Fig.2). Females have two hairs at the lateral-rostral side of the
2nd tibia, whereas most resembling species have only one hair there. Resembling species
with two hairs there have the pre-alar hair on the thorax as long as the other thoracical
hairs, in contrast to the onion fly and several of its relatives where it is only half as
long (Fig. 3).

The main sex differences are, apart from the thorax colour and the other characteris-
tics mentioned, the abdomen (males: slender, with a black longitudinal line, external ge-
nitalia; females: rounded, light grey) and the size of the eyes (males: eyes nearly tou-
ching each other; females: eyes clearly separated}.

For a more detailed description of the adult male morphology, and figures of the male
genitalia, see Hennig (1974). For the morphology of the related bean seed flies,

D. platura and D. florilega, see Hennig (1574) (males) and Ageeva (1968} (males and fe-
males).

The determination characteristics mentioned are rather variable. Once a male onion fly




Fig. 1.

Onion fly adult. Right male, left female; on top dorsal view, below side view;x6i.

was found without its left prealare hair. The mumber of hairs on the female tibia-2 ran-
ged from 1 to 4. Rarely the upper one of the two 'mormal’ hairs was absent. At either
side of this pair of hairs an additional smaller hair could occur.

Several aberrations in wing veins were found. These were mostly appendages and thick-
enings of the cross veins. They cccurred in different populations with frequencies of
5-25%. Similar aberrations have been described for the onion fly by Saager (1959) and for
several related species by Sick (1967) in frequencies of 0.01-4.35%.




Fig. 2. Male onion fly, ventral
view of right 3rd leg, x20.

Fig. 3. Onion fly, gide view of thorax with
pre~alar hair indicated, x20.

The laboratory rearing of the onion fly usually produced a few percent of aberrant
males. These had characteristics intermediate between the males and the females: the eyes
were separated but not as much as in the females, and the shape of the abdomen was inter-
mediate, Reduced male external genitalia were present. They contained testes and no ova-
ria. In wild populations 3 such males were found among 7057 individuals. A similar onion
fly was mentioned by Tiensuu (1935), also reared in a laboratory. Such aberrations in the
sex expression have been mentioned for related species by Sick (1967), Hennig (1974,

D. platura), and Smith (1971, 1972, D. brassicae).

Sometimes a considerable fraction, up to 20%, of the laboratory reared females had a
misformed ovipositor: it could hardly be extruded. The ovaries of these females only de-
veloped until the start of yolk formation (Theunissen, 1973a: stage 55). Also they did
not mate.

Egg The egg is 1.1-1.3 mm long, whitish, and its chorion has a characteristic rim struc-
ture (Fig. 4). It is opened by the emerging larva along one of the sides of the suture
running along the rostral half. Eggs of D. platura are maximally 0.96 mm, significantly
shorter than D. antiqua eggs (Miles, 1953; D.l!ek, 1969; Buth, 1976).



Fig. 4. Onion fly eggs, x60,

Larva The morphology of the larva has been described in detail by Kistner (1929h),

Balachowski & Mesnil (1936), Maan (1945) and Dufek (1969). It develops through three in-
stars. The 1st instar is easy to recognise by the shape of the cephalopharyngeal skele-
ton (Fig. 5), the difference between the Znd and the 3rd instar is most easily seen from
the number of stigmata per abdominal stigmatophore, 2 and 3, respectively.

The larvae can easily be confused with those of D. platura which are also frequently
found in onions. The difference is the number of finger-like processes of the protho-
racale stigmata in the 3rd instar: 10-13 in D. antiqua versus 7-9 in D. platura (Du¥ek,
1969; 5-8 according to Miles, 1953). In the ?nd instar larvae these numbers are two less
(Dugek, 1969) . First instar larvae can be distinguished by the mandibular part of the
cephalopharyngeal skeleton, having two teeth of equal size in D. antiqua and of unequal
size in D. platura (Dugek, 1969). Also, there are slight differences in the caudal knobs.

Fig. 5. Cephalepharyngeal skeleton of larva: left lst instar, right 2nd instar, x40,



Fig. 6. Onion fly pupa: left lateral view of caudal end, x45; right dorsal view, x10.
From Du¥ek, 1969.

Pupa ‘The pupae are 5.5-7 mm long, occasionally reduced to even 4.5 mm. These smaller
ones may be confused with D. platura pupae, which are 3-5 mm long or, according to Dufek
(1969), 4-5.Z mm. There are slight differences in general appearance and in the larval
caundal knobs that are still visible on the pupae. The third pair of knobs, counted from
dorsal to ventral, is in the onion fly larvae larger than the ist, 2nd and 4th pairs,
whereas in D. platura they are of about equal size (Dugek, 1969) (Fig. 6). Another dif-
ference is the mumber of finger-like processes of the prothoracale stigmata, if these are
still intact. Schnitzler (1969) did not give clear differences between antiqua and platura

Pupae.

2,1.8 Geographiecal distribution

The geographical distribution of the onion fly is given in Fig. 7. Earlier references
have been mapped by Maan (1945) and the Commonwealth Institute of Entomology (Anonymous,
1957). Additional data were cbtained from Hemnig (1974), Review of Applied Entamology A
up to vol. 62(1974) and Cooperative economical insect report vol. 9(1959)-12(1962). Other
information on the distribution has been given by Jones & Marm (1965) (Egypt mentioned),
¥Xuwayama et al. (1960) (Japan) and Vappula (1965) (Finland}.

Originally the onion fly was a palaearctic species. The fly was introduced into
America and spread there to the west during the 19th Century. In Japan damage was first
reported from Hokkaido in 1938, and has spread over all major islands (Kuwayama et al.,
1960} . The fly has been incidentally intercepted on the Hawaiian islands (Whitney, 1927,
possibly also Ehrhorn, 1915).

The onion fly's occurrence in Georgia, Alabama, North and South Carolina and Missis-
sippi (Anonymous, 1957) was not mentioned by Stone et al. (1965); according to Chittenden
{1916) such accounts refer to D. platura. Not indicated in Fig. 7 are the references on
onion flies from Brasil (in Hemnig, 1974) and Columbia (Anonymous, 1917), as these seem
questionable. The 'onion fly' or 'onion maggot' in Australian publications refers to
D. platura.




Fig. 7. Geographical distribution of the onion fly. ##: gemeral occurrence, % : local
observation., Sources see text.

Data from the Mediterranean countries, where the cnion fly is not usually a serious
crop pest, are scarce. Also, the information from Siberia and China is certainly incom-
plete.

2.2 ECOLOGY

2.2.1 Life oycle

The onion fly hibernates as a diapausing pupa. In spring the {lies emerge, with a sex
ratio of 1:1. Protandry occurs, the males emerging on the average a few days earlier
(Maan, 1945; Rygg, 1960). Emergence is said to coincide with the flowering of dandelion
{Baker, 1925), or with the pink bud stage of apple trees (Lafrance & Perron, 195%).

Because onions are generally not grown two years in sequence on the same field, the
flies have to migrate after emergence. They mate at an age of nearly 1-2 weeks (Miller,
1656; Balachowskl & Mesnil, 1936; Ticheler, 1970; Bol, 1972), and not shortly after emer-
gence as reported by Lampa (1905), Eyer (1922), Maan (1945) and Rygg (1%60).

Conulation is only rarely cbserved, even in mass rearings. The onion fly was claimed
to be monogamous (Broersma & Luckmann, 1968), but polygamy has been proven clearly to
occur (Noordink, 1967). Males may mate at least 5 times in 4 hours and copulation lasts
2-4 mirutes (Bol, 1972).

The females are anautogenecus: they have to feed on proteins before egg laying
(Missommier & Stengel, 1966; Missonnier, 1967). The eggs are laid on different Allium spe-
cies, after a pre-oviposition period of about 1-2 weeks. The duration of the pre-oviposi-
tion period is presumably dependent cn temperature and on availability of food (Tyndale-




Biscoe & Kitching, 1974).

The larvae emerge after a few days, and enter the base of the onions. During some
weeks the larvae feed there on the onion tissue. Especially when the onions are small the
larvae may migrate to other onions, through or over the svil, to get enough food. Full-
grown larvae pass down through the soil and pupate there. Pupae are found down to 15 cm
and at an average depth of 4-5 cm (Rygg, 1960) or 7-8 an (Maan, 1945; Isaev, 1932).

Mostly 2 or 3 flights per year occur. In northern Norway this is reduced to one flight
(Rygg, 1960), whereas in warmer regions sometimes more than 3 flights are reported (Alma
ata 4 (Bundzhe, 1565), Turkey 4 (Keyder & Atak, 1972), SW France 4-5 (Bonnemaison, 1962;
but 3 according to Balachowski & Mesnil, 1936), Austria 3-4 flights (Schreier, 1953) but
based on insufficient evidence}. The later flights are generally incamplete, the other
pupae of these generations having gone into hibernation diapause.

Diapause is induced by low temperatures (Miles, 1958b; Missonnier & Brumel, 1972), and
also by short days. The relation between the percentage diapause and the rearing condi-
tions of daylength and temperature has been established by Mcleod (1965) and in more de-
tail by Ramakers (1973) (Fig. 34). Diapause termination is temperature dependent
(Kelderman, 1972). Food quality might also affect the percentage diapause, as found for
Pegomyia betae (Malekghassemi, 1969).

Same authors reported diapause fregquencies, based on pupae that were held under
non-representative circumstances or did not constitute a representative sample (Rygg,
1960; van 't Sant, 1967, 1970; Miles, 1953). Perron & Lafrance (1961) found in a study
in field cages in Québec diapause percentages for the three successive generations of:
0-19, 43.5-91 and 99-100. Such data are highly dependent on climate. In warmer regions
aestivaticn occurs, reducing the mmber of generations in Israel to two and shifting the
life cycle by half a year compared to northern Burope (Rivnay, 1958; Yathom, 1963). On
Kyushu (southern Japan) both aestivation and diapause occur, with two generations before
and one after sumer (Kato, 1958). Note that the 2nd and 3rd flight flies are of the 1st
and 2nd generation, respectively.

Extensive laboratory data are available on the duration of the developmental stages
in relation to temperature. These data often disagree. Factors found to affect the rate
of development are larval food (Friend et al., 1959), lmmidity (Ellington, 1963) and sex
(a.0. McClanahan & Simmons, 1966). Other factors causing differences between the data can
be temperature measurement at unrepresentative sites, differences in definition of start
and end of the stages, and use of genetically different onion fly populations. Average
durations of the developmental stages are summarized in Table 1. After completion of dia-
pause the development of the pupae proceeds similar to that of 3-day-old non-diapausing
pupae (Theunissen, 1976).

The flies are supposed to live in the field for 2-3 weeks (Balachowski & Mesnil, 1936)
or 3-4 weeks (Kistner, 1929b; Maan, 1945).

Dispersal is said to occur with the prevailing wind (Eyer, 1922), but this statement
was based on observations of damage which could easily have been explained by other fac-
tors. According to Eyer {1922), the fly is capable flying over 3 km of water, provided
that the wind is favourable.



Table 1. Average duration in days of developmental stages of the onion fly, in relatien

to temperature. Estimate%lfrom laboratory data. From Ticheler and NWoorlander (pers.
commun,) and literature, >

Temperature in °C

10 15 20 25 30

egg 12 5 3 2 2
larva st instar 10 5 3 2

2nd instar 10 5 3 2 14
3rd instar 35 20 13 9

pupa 50 15 16 12 11
pre—oviposition period 22 10 7 5

a. Eyer, 1929; Maan, 1945; Miles, 1958b; Friend et al., 1959; Rygg, 1960; Ellington, 1963;
Yathom, 1963; McClanahan, |966; McClanahan & Simmons, 1966} Ticheler & Noordink, 1968;
Brunel & Missonnier, 1969; Allen en Askew, 1970; Ticheler, 1971; Kelderman, 1972;
Missonnier & Brunel, 1972; Houwing, 1973; Eckenrode et al., 1473b. .

b. In the Tables 0 = ohserved zero, — = essentially zero and * = no observatiomn.

2.2.2 Population dynamics

Quantitative data in the literature on onion fly population dynamics in the field are
very scarce. Densities in the field have been given for chemically treated onion fields
by McEwen et al. (1973}, averaging 3.4 hibernating pupae per m?, of which 83% emerges.
Perron (1972) gave for untreated fields on the average 20 pupae per mz, of which 70% emer-
ges. The distribution of densities over the fields sampled is a very skew one.

The survival of immature stages, as given by McEwen et al. (1973), 40-60%, seems too
high, probably due to the experimental and calculation methods used which are not clearly
described. Perron & Lafrance (1961) gave life table data based on a cage population. They
found net reproduction factors for the three generations of 17.5, 25 and 10.5, and a
fecundity of 58, 36 and 24 eggs per fly, respectively. Such data camnot be extrapolated
safely to the field situation.

Perron (1972) reported some data on his extensive samplings of different stages of the
onion fly. Unfortunately there is ne indication given on how he obtained the given per-
centages for survival of eggs, larvae and pupae from his samplings, and the sampling pro-
cedure applied may have missed a considerable fraction of the eggs. For the first flight
he gave mortalities of about 45-78% in the eggs, 74-96% in the larvae and 56-84% in the
pupae, and about 30% mortality among hibernating pupae. The differences observed were at-
tributed tc the soil type and Allium species, but it is not clear whether any of these
differences is significant. Meoreover his statements sometimes conflict with the data pre-
sented.

For the related Delia brassicae, pupal parasitism has been found to be the factor
stabilizing population size (Mukerji, 1971). For the onion fly a similar situation may be
expected.



2.2.3 Niche

Host plant preference in oviposition The onion fly is closely associated with different
Allium species by the choice of oviposition site. Species attacked are Allium cepa L.
(onion, shallot), A. ampeloprasum L. (leek, pearl onions), A. fistulosum L. (Welsh onion),
A. sativum L. (garlic) and A. schoencprasum L. (chives}. Shallot is generally referred

to as A. ascalonicum L., but according to Jones & Mann (1963, p.34-35) it should be in-
cluded in A. cepa. Similarly leek is often called A. porrum L. Onions and A. cepa
fistulosum are preferred to A. fistulosum (Perron et al., 1958, 1960; Perron & Jasmin,
1963), onions are preferred to A. cepa x fistulosum (de Ponti, 1976), and onions are pre-
ferred to shallots and hoth to leek (Maan, 1945). According to Labeyrie (1957) these pre-
ferences are highly dependent on the season. Garlic is not seriously attacked (e.g. Jones
& Mann, 1963). Different cultivars of ocnicn have a slightly different preference
(Matthewman et al., 1953), sometimes mentioned as significant (Sleesman, 1934; Huber &
Sleesman, 1935), sometimes not so {Perron et al., 1958), but in the last case probably
due to the limited set-up of the experiment. There is a strong preference for injured

and diseased (rotting) onions (Labeyrie, 1957; Workman, 1958; Armstrong, 1924 and others),
and for onions infested with the onion stem eelworm, Ditylenchus dipsaci (Xihn) (Anonymous,
1973). Undamaged fully developed onions are not attacked (Perron & leRoux, 1962; Perron,
1972). Denser onion growing results in higher egg population densities, without a signif-
icant difference in mumbers of eggs per onion (Perron, 1972). Also, onions of heavy flac-
cid growth, such as 2nd year onions that have been planted too deep, are very attractive
(Gray, 1924), and may be used as a trap crop to control onion maggot infestation (see
Section 2.3.3).

These preferences are, where known, due to oviposition differences (Perron et al.,
1960), and are supposed to originate from chemical differences of Allium odours. Ovipo-
sition is directed by chemical stimuli from components of onion flavour (Matsumoto &
Thorsteinson, 1968a; Matsumoto, 1970), Miller (1969) supposed plant shape and light to be
effective at short distances. In the field, the tactile stimuli required for oviposition
are provided for by the onion and the soil. Eggs are laid on onion plants or very near
to these in earth crevices, and sometimes on leaves.

Larval food The larvae feed on the subterranean part of the onion stem or, after bulb
formation, the onion bulb tissue. In summer onions may survive onion fly infestation. At-
tacked onions rot by bacterial infection, generally soft rot (Erwinia carctovora (Jomes)),
introduced by the larva or having got access by the insects attack (Johnson, 1930;

Gorlenko et al., 1956). Other bacterial and fungus infections may be associated with it as
well [‘fegeva & Be&rarov, 1973; Jones & Mann, 1963). This bacterial predigestion is not obli-
gatory, as it is not always present in the field, and aseptic rearing of onion fly larvae in
the laboratory is quite possible (Friend & Patton, 1956; Friend et al., 1957; Allen & Askew,
1970; Ticheler, 1971). However, presence of micro-organisms has a strong positive effect on
the rate of larval development (Friend et al., 1959; Gorlenko et al., 1956}. The soft rot
can be reared from the contents of the pupae (Johmson, 1930) and also from the inside of
larvae, flies and even eggs (Gorlenko et al., 1956). The presence of bacteria inside the
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eggs seems to conflict with aseptic rearing after sterilizing the outside of the epgs
(Friend et al., 1957) where the bacteria are present too (CGorlenko et al., 1956).

The larvae accept other food as well: they are occagionally found in other plants
like cabbage (Maan, 1945; Lundblad, 1933; Kalandadze & Savkaci¥vili, 1958), radish and
spinach (Miller & McClanahan, 1959), radish {Severin & Severin, 1915) and tulips and
lettuce (Smith, 1922} often because of changes in the food available after egg deposition
on onions (e.g. Miller & McClanahan, 1959). Also, the larvae can be reared in the labora-
tory on an artificial diet based on carrot powder (Ticheler, 1871). Severin & Severin
(1915) mentioned horse-dung as larval food, but subsequent experiments failed to confirm
this (Kistner, 1929b; Maan, 1945). In mass rearing, camnibalism may occur: larvae consume
pupae that have been formed in the larval rearing medium (Noorlander, pers commun.).

Adult food and attractants The flies are reported to feed on different flowers, mainly
Umbelliferae, Taraxacum and Allium (Baker, 1928; Kistner, 1929b; Maan, 1945; Rygg, 1960).
Noordink (1973) did experiments on radicactive label transfer in field cages, and got
positive results with some flowering grasses. Baker (1928) observed flies on manure, and
supposed its attraction was warmth (on cool days) or its moisture content (for drinking
on hot days).

The flies can be attracted by several substances (Howard, 1918; Peterson, 1924;
Kastner, 1929a; Yathom, 1963; Niemczyk, 1965; Anonymous, 1965a; Noordink, 1966; Eckenrode
et al., 1975b). The most powerful attractant found in the laboratory and in field tests
outside onion fields, is n-propyl disulfide (Matsumoto & Thorsteinson, 1968a; Matsumoto,
1970; Noordink, 1967), one of the cnions' constituents (Carson & Wong, 1961; Brodnitz et
al., 1969; Boelens et al., 1971). It is also cne of the attractants for the larvae
(Matsumoto & Thorsteinson, 1968b).

Celeours have been found tc attract several related species, yellow generally being
the most attractive (Sick, 1967; Kring, 1968; Brunel & Langouet, 1970; Finch & Skinner,
1972). In the onion fly Miller (1969) found a preference for brightness but not for
colour.

Parasitoids, parasites and predators Many species have been reported to parasitize on
the onion fly. After elimination of synmonyms, incorrect quotations and propably incerrect
records, only a limited number is left (Loocsjes, in prep.). The common species among these
are the parasitoids Trybliographa rapae (Westw.) (Hymencptera, Cynipidae) which attacks
mainly younger larvae (Wishart & Monteith, 1954), Aphaereta minuta (Nees) (Hymenoptera,
Braconidae) which attacks larvae {Salkeld, 1959) and Aleochara bilineata (Gyll.)
(Coleoptera, Staphylinidae) which attacks pupae (Read, 1962). Heterotylenchus aberrans
Bovien (Nematoda) attacks the larvae and leaves the adult females through the genital
system, causing sterility {Bovien, 1937).

Entomophthora infection among the flies is commen in summer. It has been examined in
detail by Perron & Cr&te {1960). The infection spreads especially with high fly densities
and with humid weather. Infected flies show a typical dying position, attached to high
points in the vegetation (van 't Sant, 1970: Fig. 5, Miller & McClanahan, 1959: Fig. 1).

The available data on predators are very incomplete, and will be summarized elsewhere
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(Loosjes, in prep.). There are no indications that there exists a predator that limits
its activities to the onion fly. Important predators of the immature stages are
Staphilinids (a.o. Aleochara bilineata (Gyll)) and Carabids, and of the flies predatory
flies and insectivorous birds.

Onion coinhabitants Especially in summer, rotting onions may contain a number of differ-
ent species of fly larvae, as well as some other animals (Merrill & Hutson, 1953; Hudon &
Perron, 1954; Schreier, 1953 and others). The species will be listed elsewhere (Loosjes,
in prep.). Most species may be characteristic of decaying organic matter. There are very
few data on their relationships.

The polyphagous bean seed flies, Delia platura and D. florilega, of which the latter
is more prominent in Scandinavia (Rygg, 1960), are sometimes found to be primary attackers
of onions, especially seedlings (Merrill, 1951; Miles, 1956). They have been said to be
attracted for oviposition to disturbed seil surfaces, e.g. due to weeding (Miles, 1953,
1956; Barlow, 1965; Hassan, 1974; Miller & McClanahan, 1960). However, Eckenrode et al.
{1975a) proved that the attraction of bean seed flies to seed and seedlings was due to
the development of some species of micro-organisms present there. The current use of
disinfected seed will thus limit or eliminate the importance of these flies as primary
attackers. .

One case of primary attack of Eumerus tuberculatus Rond. has been reported (Merrill
& Hutson, 1953). For larval development this species is, however, obligatorily dependent
on micro-organisms (Creager & Spruijt, 1935).

2.3 ONION GROWING AND PEST CONTROL
2.3.1 Onions in the Netherlands

Onion growing methods widely differ in different countries. Because this study is
about the onicn fly in the Netherlands, some data on growing onions there are given.
The methods used are:
1. Spring-sown onions. Sowing is in March at 7 kg seed/ha, in rows 25-40 cm apart.
Harvest is in August/September. They may be stored until the next spring.
2. Onion sets. Sowing in March at about 100 kg seed/ha, in rows 25 cm apart. Harvest
in July. The bulb size is 8-22 ym diameter. These onions are planted the next year.
3. Onions grown from sets. Planting in March, in rows 30-40 cm apart, using about
1200 kg/ha. Harvest in July, no storage.
4. Silverskin onions. Sowing in March/April at 100 kg seed/ha, dispersed over the field.
Harvest in July/August. Used in pickling industry.
5. Autum-sown onions. Sowing as spring-sown onions but in August. Harvest in July of
the next year. :
6. Onion seed. Planting in March, about 20 by 50 c¢m apart, using full-grown spring-sown
onions. Harvest in September.

.The areas commercially grown in the Netherlands are given in Table Z. Onion growing
has been known in the Netherlands at least from the 13th Century, and is at the moment
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Table 2. Commercial onion growing in the Netherlands, data from 1970-1974,

Species Crop Surface in ha % With chemical
cnion fly control

Allium cepa L. spring sown onions 7500 - 10000 100
" onion sets 600 - 800 100
" “onions grown from sets 500 - 1000 25
" silverskin onions 700 -« 900 100
" autumn-sown onions 0 - 15 partly
" onion seed 10 - 30 0
" shallots 150 -— 200 few
Allium ampeloprasum L. leek 900 - 1400 5
" pearl onions 2 100
Allium schoenoprasum L. chives 1 - 2 100
Allium spp. ornamentals 10 - 20 tew
total commercially grown 11000 ~ 14000

concentrated mainly on sandy clay on the former islands in the southwest and in the new
polders in the centre.

The other Allium species are of minor importance. Shallots are grown locally, espe-
cially on sandy soils behind the dunes. Planting is in February/April, and harvest in
June/August. Leek is grown in some horticulture areas. It is planted in March/July and
harvested August/May. Pearl onions and chives are rare in horticulture; Welsh onion and
gariic are not grown commercially. Private growing, mostly leek and further onions and
chives, covers a negligible area compared with commercial culture.

Other Allium species in the Netherlands are some wild species: A. vineale L. (wild
onion), A. ursimum L. (ramsen), A. scorodoprasum L. (rocambole) and A. oleraceum L., and
an increasing mmber of species as ornamental plants in gardens. Except A. vineale all
of these can be considered as rather rare and of no possible quantitative importance to
the onion fly populations. Richens (1947) in his extended work on A. vineale, had not
found records of insect pests.

2.3.2 Damage

In temperate regions the damage to the onion crop by the onion flies is often consid-
erable, unless some control measures are taken. Damage levels of up to 50-95% are reported
by Hammond (1924), Flint & Compton (1925), Metcalf & Flint (1939), Smith (1948}, Jgrgensen
{1955), Miller (1956), Bundzhe (1965) and others. Damage is especially severe after wet
springs (Metcalf & Flint, 1939; Doane, 1953; Peterson & Noetzel, 1954; Worlman, 1958;
Beirne, 1971), and in less well drained low-lying fields (Lovett, 1923} because of the
higher larval survival in moist soils {Sleesman in Anonymous, 1937). Damage is heavier in
sheltered places (e.g. Peterson et al., 1963) and on corners (Wilson & Whitcomb, 1929).
More extensive onion growing is said te have caused the onion fly to become a serious pest
(Wilson & Whitcomb, 1929). Some local onion growing areas in Fngland are free from onion
flies according to Miles (1958b).

The damage depends on seil structure, being more severe on lighter soils {e.g. Dustan,
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1932) . The cause is supposed to be the preference of egg depositing females (Dustan, 1932;
Maan, 1945}, lower temperatures and higher moisture content in the top layer of the light-
er soils (Dustan, 1932), easier larval migration in lighter soils (Maan, 1945) and earlier
tst flight due to faster warming up of sandy soils (Schnitzler, 1967). Perron (1972}, in
his population studies, found a higher pupal mortality in heavier soils. He mentioned as
important, differences between organic (light) and clay (heavy) soils, higher parasitism
and higher mmber of eggs per female on organic soils, but these assumptions are not sup~-
ported by the data presented.

When data from different authors are compared it has to be taken into account that in
Canada and the United States the main onion growing areas are on muck soil, whereas in
Europe sandy clay is normal for onion growing.

Damage by the first generation larvae js characterized by tiny brownish remmants of
the subterranean parts of onion seedlings, and still greenish leaves that have fallen
over. Desiccation and decomposition quickly make these leaves disappear. This damage can
be destructive to the crop especially when the onions were sown late compared with the
oviposition period of the first flight flies. When an attacked seedling has been consumed,
the larvae migrate, seemingly at random (Workman, 1958), generally to the next seedling.
Maan (1945) estimated in leek during the first genmeration a ratio of 1:15 to 1:20 of seed-
lings on which egg batches had been laid to seedlings damaged. Kistner (1929b) found this
ratio to be 1:11 in onions. One single larva is said to be able to destroy up to 4
(Kendall, 1932) or 8 (Beirne, 1971) seedlings. In the laboratory Workman (1958) found that
one larva could eat 28 'seedlings' of 4 mm long. When the mmber of adjacent seedlings
that are damaged is limited, the remaining onions may compensate for this damage.

Typical for damage later in the year is that the central leaf often wilts first, fol-
lowed by the others. Again the leaves start dying at their bases. Attack causes the onions
to rot. If the onion is not dead before the larvae pupated, it may become disformed. The
second generation larvae may cause more damage than the mere loss of yield, because onions
that are rotting at the time of harvest can prevent economic storage: these have to be
picked out or they will infect the other onions.

Damage data from untreated plots in the Netherlands during the last decades, from ex-
periments of the SNUiF, are given in Fig. 8a. The effect of soil type on these data is
shown in Fig. 8b.

In interpreting damage data of untreated plots cne should be aware that the untreated
plot is only representative for its own situation and not for untreated fields of differ-
ent size and of different situation. It is mot just the individual onion flies present at
that site that are treated, but a part of a population. Also, the population size present
in the area is of influence, and is dependent on the local damage incidence in the pre-
ceding yvear.

The data of the SNUiF are from check plots, generally 3 plots of 2 x S m, in tests for
chemical control treatments. In these experiments, the second flight flies, emerging main-
ly from the untreated plots, will have laid eggs on all plots and on any onion fields in
the surroundings. So these data underestimate the second flight damage to be expected in
untreated areas. On the other hand, these control experiments have often been done at
places where infestation could be expected (damage in the preceding year or area with
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Fig. 8. Percentage damage on untreated plots in the years 1939-1976(a: O= estimated,
.= ot‘>served), and compared with the clay fraction of the seil (b: O= estimated clay
fraction, ® = known clay fraction). Data from SNUiF. '

very light soil), resulting in an overestimation. As these factors may cancel each other
out, for the time being the observed damage levels on the check plots concerned may be
taken as representative for those to be expected when cne single farmer does not take
effective control measures.

Carden (1960) and Rawlins et al. (1960) both found that every 10% damage results in
a 10% yield loss. According to the damage level that causes the farmers to complain or
contact the SNUiF, significant yield reduction will occur at over about 10% damage, ex-
pressed as percentage of the number of seedlings emerged. The same level was reported by
Rawlins et al. (1960). The economic threshold will be about the same, with the low costs
of the standard pesticide application. The shift to precision sowing restricts compen-
sation for damage by the conions, so it will lower the economic threshold.
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2,.3.3 Pest control

Control methods Formerly the onion fly was not controlled. In the Netherlands then onions
could hardly be grown on sandy soils, and elsewhere fluctuating damage levels occurred and
were accepted. Rotten onions at harvest did not threaten storage so much because they were
picked out by hand. Of many cnion fly control methods proposed and tested in Europe and
America (e.g. Fernald & Bourne, 1914; Ki#stner, 1929a, 1929c; Balachowski & Mesnil, 1936)
only a few seem to have given reascnable results sometimes, like cull onions as a trap
crop (a.o. Lovett, 1923; Dudley, 1925), poisoned sweetened bait onions (Kistner, 1930},
or naphthalene (Thampson, 1930).

The first very effective method was calomel seed dressing, found by Glasgow (1929}
and developed by Dustan (1937, 1938) and Wright (1938). This method was too expensive for
general application. Chemical treatment of fields, furrows or seeds became a general prac-
tice after 1946, due to the moderate price of the newly discovered organochlorine com-
pounds and to more effective formulations and application methods developed (e.g. Mcleod,
1946; Maan, 1947).

Resiatance Resistance of the onion fly to organochlorine compounds started in the United
States in 1953 (Howitt, 1958) and is now widespread: United States, Canada, Japan, France
and the Netherlands (Anonymous, 1967), United States (Finlayson et al., 1559; Peterson et
al., 1963), Canada (McClanhahan et al., 1958; Harris et al., 1962), Poland (Narkiewicz-
Jodko, 1974), England (Gostick et al., 1971) and Finland (Anonymous, 1969b). There were
still susceptible strains in some areas in England (Gostick et al., 1971) and France
(Missonnier & Brunel, 1972). Where organochlorine resistance has developed, organophos-
phorous compounds are used for control. However, resistance to dichlofenthion has occur-
red already (Perron, 1965; van Kampen, 1969; Anonymous, 1969a, 1970).

Organochlorine resistance is based on a single gene (Togwood & Brown, 1962). The ef-
fect of this resistance was investigated by Missonnier & Brunel (1972): the larval devel-
opment was slightly faster and the adult female survival was slightly longer in the re-
sistant strain, but the fecundity was considerably reduced.

After development of resistance the population size and its fluctuations became lar-
ger than before the introduction of chemical control. This increase is attributed to the
more extensive cropping that was made possible by this control, and to the elimination
of predators and parasites {(Missonnier & Brunel, 197Z; compare the similar case of the
cabbage root fly: Morris, 1960; Read, 1964; Coaker, 1966; Mukerji, 1971). Generally very
high damage levels (up to 100%) have been reported after the development of resistance
(Finlayson et al., 1959; Anonymous, 1964; Beirne, 1971).

Control in the Netherlande Xnown and estimated percemtages of spring-sown onions in the
Netherlands treated with different pesticides for onion fly control are given in Fig. 9.
Because the area under spring-sown onions is largest and because these onions are the
most important for onion fly reproduction, the date can be taken as the parts of the
onion fly populations controlled. The effect of chemical treatments is given for the
most important chemicals used in Fig. 10.
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Resistance to organochlorine compounds was noted first in 1962 in three areas (van
Kampen, 1963) and had spread to all onion growing areas by 1965 (Anonymous, 1964, 1965b,
1966) . Most growers changed to dichlofenthion. During the years 1967-1968 resistance
against dichlofenthion developed and was complete in 1969 (van Kampen, 1969; Ancnymous,
1969a, 1970). Since then control has been effected with trichloronate. This reached 100%
of the market due to its limiting effect on the population increase of the onicn stem
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eelworm (Kaai & Koert, 1971). In 1976 there was still no sign of resistance to trichlo-
ronate.

The possibility of shifting to the sterile insect technique is indicated also in
Fig. 9. ’

Reatduee Pesticide residues have been analysed only in a few cases. A normal application
of dieldrin resulted at harvest in 0.01-0.015 mg/kg in the onions (Ehlers & Liedtke,
1958}, or in 0.11 mg/kg in the outer scales, residues in peeled onions being undetectable
(Byrdy, 1963). In Canada 0,02 mg/kg dieldrin was found in onions, but no DDT or aldrin
although these were also present in the soil (Harris, -1969). In the United States, where
onions are often grown for years in succession on the same fields, residues of many pes-
ticides were found in the soil but none of them in the onions (Wiersma et al., 1972}).
Suett (1974) found residues of pirimiphos of 0.04 mg/kg in onions at harvest. Chlorven-
finphos also gave relatively low residue levels in peeled onions (including breakdown
products less than 0.09 mg/kg, Beynon et al., 1968). Where these authors gave data on
other vegetables as well, it can be seen that the residue levels in onions are relatively
low.

2.4 SUMMARY

According to the recent revision of the Anthomyiidae the onion fly should be called
Delia antiqua (Meigen).

The female determination characteristic of two hairs lateral-rostral on the tibia-2
was not always valid. Wing vein aberrations were frequent, and especially in laboratory
rearing aberrant males and females occurred. DImmature stages of the onion fly may be con-
fused with those of Delia platura which are also cammon in onions, but differentiating
characteristics are available for all stages.

The cnion {1y is a holarctic species. It hibernates as a diapausing pupa. There are
generally one complete and cne or two incomplete flights per year. The females are poly-
gamous and anautogeneous, and have a pre-oviposition period of 1-2 weeks. Eggs are laid
on Allium species. The larvae feed on these, and pupate in the soil. Diapause is induced
by low temperature and short days.

Only few data on population dynamics are available, and most of them may be not re-
presentative of the actual situation in the field.

Different onion varieties and related species are attacked to different extents,
attributed to odour preferences of ovipositing females. Onion fly attack is accompanied
by a non-obligatory bacterial infection. The larvae accept food other than onion.

The adults feed on flowers and flowering grasses. The best attractant for adults
known is n-propyl disulfide. Common parasitoids are the staphylinid Aleochara bilineata,
and the braconid Aphaereta minuta. Several other, possibly also not host-specific,
parasitoids are known. The flies are attacked commonly by a fungus disease. All the pre-
dators also seem to be not species specific.

Rotting onions may contain a large variety of different species, mainly fly larvae.
They are all secondary pests, except sometimes the bean seed flies on seedlings.
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Spring-sown onions are the most common Allium crop in the Netherlands. Of the wild re-
latives only Allium vineale is common, but seems not to be attacked by the onion fly.

Losses due to onion fly damage may amount to 50-100%, and are partly dependent on soil
type. The appearance of damage has typical features that depend on the developmental
stage of the onion attacked. The economic thresheold is at a damage level of about 10%.

Chemical pest control has become widespread after the intreduction of organochlorine
insecticides in 1946. Resistance to these compounds developed from 1953 onwards, in the
Netherlands in 1962-1965. Since then control has been practised with different organo-
phosphorous compounds. Of these, dichlofenthion has already met with resistance. Currently
used in the Netherlands is trichlorcnate, because of its effect on onion stem eelworm
reproduction. ‘

Insecticide residue levels in onions are generally low or undetectable.
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