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THE BIOLOGY OF THE ONION MAGGOT, HYLEMYA ANTIQUA
(MEIGEN), UNDER FIFLD AND GREENHOUSE CONDITIONS

INTRODUCTION

Hylemya antigua (Melgen) 1s one of the most important

pestes attacking onlons. 1In moset onion growing ereas 1t
causes damage to the crop nearly every year and some years,
almost complete destruction is produced. In the United
States losses occur only in the northern areas, the onion
maggot being of 1ittle or no importance in the south.

The current literature concerning the onlon maggot 1s,
wainly, from the United States, Canadz, England, Germany,
and Ruscia,

A survey of the literature disclosed a large number
of references on control of tie onlion maggot with a lesser
number on ite bilology. Blologlcal dats were chilefly
descriptive, ratner than explaenatory, and generally con-
cerned observable factors such ag emergence in the spring,
length of the various stages, preoviposition period,
number of eggs lald per female and so on. These data were
very similar in most of the papers examined. Many reports
concerned & heavy infestation of onlon maggots which
cccurred unexpectedly.

The onion maggot was first described in Europe by
Meigen in 1826. It reached North America shortly after-

wards. Some of the flrst records of injury are from the



eastern coast of the United States. Harris (14, p.4¢d)
reported severe damage caused by the insect in Mascsachu-
gsetts in 1841, Couper (3, p.8) stated from Canade in 1875
that the onion maggot was a "terrible pest throughout the
extent of the Dominion". About 1v10, the onilon maggot was
introduced into the Lake Labish ares near Salem, which is
the major onion growing region in western Oregon (34,
p.140).

Control of H. antiqua in the Lake Lablsh area was
difficult from the beginning. Lovett (21, p.l-<) in 1oz3,
reported over 70 diflerent treatments nad been tried
agalnst the insect up to that time with only partial suc-
cess., Testing of insecticides by various workers was
continued through the years with varying results.

Calomel was used with good results for a number of
years but was expensive, caused planter clogging, and was
somewhat phytotoxic., From 1.46 to 1lv4-, tests by Thompson
(40, p.l) showed that DDT applied as a drench into the
furrow at planting time gave good control, DOT was re-
placed by chlordane in 1udl znd used until 1:863.

In 1853, a very heavy infestation of the onlon maggot
occurred. All treatments falled and onion losses ranged
from 50 to 10U percent, In 1254, DDT dusts apc-lied in
the onion fields to kili the adults were found to give
satisfactory control. Growers dusted whenever they saw

onion fllies in the field and little damage was experienced

e
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after June lv., The large umber of tre=ztments (as high as
12) required in this method of control was expensive.
Experiments were initiated in 1855 using onion seed treated
with insecticides, a treatment which was proving successful
in several parts of the country. At tols time 1t was
decided that a study of the blology of the onion maggot
under Oregon conditions might produce some new ideas which
would lead to better controi.

Blologlecal work on H. antigua was initizted in the
summer of 1960 and wes terminated in the spring of 19568,
As the numercus reports which had been made of the onion
maggot 1life cycle in the literature were very similar,
this phase was not examined intensively. The priaary
purpose of the study was the further investigation of the

basic aspects of the problem.
DESCRIPTIONS OF STAGES

The folluwing descriptions of stages of Hylemya
antiqua (Meigen) were modified from the descriptions of
various suthors including liiles (26, p.583-5688), Eyer
(8, p.4=-9), and Smith (3v, L..178-180).

The Egg

Eggs are 1.2 ma. long by 0.5 mm, wide, white, sllan-
toid, truncate at the anterior end, and rounded at the

posterior end. The surface of the chorion is marked by



numerous fine longitudinal strise which run into one
another at irregular intervals producing a reticulate
appearance. A ring-like ridge at the anterior end of
the egg divides into a number of fine ridges which con-
tinue 1n a narrow ventral band to the posterior end,

forming a suture which splits open at larval emergence

(Fig. 1).
Ihe larva

Onlon maggot larvae are muscidiform, white, 9-10
mm. long when full grown, tapering towarde the cephalic
end. lMouth parts are protrusible, hook-like structures
embedded in the anterior seguments. The prothoracic spi-
racles are lnconspicuous, fan-ghsped, and composed of 11
to 1< digits. The posterior end 1s broadly flattened,
contalning two ralised, yellowish, caudal spiracles each
wlth three oval openings. Eight pairs of caudal tubercles
distingulish the onion maggot from other species of the
genus by thelr form and arrangement.

The three larval instars are very similar except
in size and are most easily distinguished from one another
by the structure of the mouth hooks. Plrst instar mouth
hocks are small and delicate, second instar mouth hooks
are somewhat heavier, while third instar mouth hooks are

very stout and distinctive (Fig. 2).



The Puparium

The puparium ls elongate~oval, rounded at the ends,
whitlsh when firet formed, later turning yellow-brown to
dark red-brown. As the puparium conslsts of the last
larval cuticle, it can generally be identified by larval
characteristics, In the formation of the puparium, the
cephallc end is drawn inwards with the prothorsacic spire-

cles assuming & terminal position (Fig. 3).
The Adult

Onion flies (Fig. 4) are similar ln size to the
house fly, lMusca domestica Linne. The wings of the onion
maggot fly appear longer and narrower and are more round-
ed at the outer ends. The body is less robust in size
and lighter in color than that of the housefly. The
following description of the adult H. antigue (lMelgen)
i1s from the annotated list of British Anthomyiidae of

Meade (<4, p.<18-9) who identified the insect as Phorbis

cepetorum, Meade.

"Head: face slightly prominent; eplstome flat;
eyes of male contiguous; antennae of moderate
length, with ariste tnickened and pubescent at
its bese, but nearly bare in the middle and at
the extremity.

Thorex: with the scutellum of a light yellowish-
grey colour; the former marked with four indis-
tinct pale brown stripes, and with four rows of
black brictles.

Abdomen: oblong and rather nerrow, cinereous,



clothed with black hairs, and showing silvery-
white reflections when viewed from behind; it is
marked down the dorsum with a row of elongated,
narrow, triangular black spot=, which form &
subcontinuous stripe; the end segment is grey,
small and rather pointed; the subanal male
appendages are large and hairy.

Yings. hyalline, with tie third and fourth
longitudinel velns nearly pepallel to each other,
and the external transverse ones straight, and

& little oblique; Calypters and Halteres both
pale yellow; Legs sometimes piceous; hind femora
almost bare of hairs or bristles at the base

of thelr under-surfaces; hind tiblae of the
malee furnished with a few short bristles along
the mlddle and upper part of their inner sides.
The female 1s very simllar in colour to the male;
the eyes are wildely separated, the intervening
space beling red at 1ts front part; the abdomen
ie dull grey, mostly immaculate, conlcal and
pointed at the apex; the calyptera are white,
and the halteres yellow."
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Figure 1. Hylemya antiqua egg (x120),



Figure 2. Hylemya antiqua larvae (x21).



Figure 3. Hylemya antigua pupae (x10).
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Figure 4. Hylemya antiqua adults (x10),



BIOLOGICAL STUDIES

Rearing Methods

It was determined at the beginning of the problem
to rear the onion maggot in the greenhouse so that all
stages of tioe insect would be avallsble for experimenta-
tion throughout the year.

There were few referencese in the literature con-
cerning successful rearing technlques for H. antigua.
Miles (<7, p.1l2) reared onion flies on sugar sclution
and water containing fish meal (poultry food). She sug-
gested that a tempersture of approximately 800 F. was
necessary for caged flles to oviposit freely. Rawlins
(3¢, p.1101) reared onlon maggot adults on a diet of un-
diluted honey and brewers yeast. The food was placed
in open vessels and renewed at weekly intervals, Rawlins
reported thet "coplous egg production followed." Perron,
Lafrance, and Hudon (30, p.l45-146) used equal parts of
molasses and evaporated milk placed on bread. Broken
yeast cake slightly molstened with water, was also placed
in the rearing cages. These authors stated that sudden
changes 1in temperature and humidity were essential and
that temperature should vary between 70-90° F.

Modifications of the latter two methods were tried

with pcor success. After some experimentation 1t was

11



found that greenhouse temperatures over 80° F., caused
increased adult mortallity and low egg production. Rearing
was carried on after this time at day temperatures of
70-75° F. and night temperatures of 60-65° F.

Heatlng in the greenhouse was by steam. An evapor-
ative type cooler, with a capacity of 5500 cubic feet of
alr per minute, kept the temperstures below 77° F. even
on the hottest days. Temperature regulation was by means
of thermostats.

Cages ZxzxZ Teet were used for rearing the onlon flies
as they afforded room for a number of greenhouse pots, yet
took up litile bench space. One cage oxixd feet, per-
mitting the introduction of flats, and several cages
1xlxl reet were also used, The cages were covered with
1/16 inch mesh lumlte screen with & sleeve type opening
at the front (Flg. o).

Cultures were started by collecting large numbers
of maggot-infested onicns Irom the field and placing them
in large greenhouse pots with soll until pupation. The
puparia were collected by breaking up the contents of the
pote in a deep pan ol water. The puparla floated to the
surfzce where they were skimmed off with a small screen.

The puparla were placed, slightly molstened, into
enpty salve tins which were labeled as to area and date
collected and stored at a temperature of 35-40° F, Vhen

adults were desired, the puparias were removed from cold
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storage and placed on a molstened filter paper in a petri
dish at 70-73° F. If dlapsuse wae terminated by tnis tinme
(see pege 40}, adult emergence from the pupearia and pro-
duction of egge could be expected within 22 to 24 days.

Very few flies emerged at storage temperstures and
losses due to death of pupse were low except after long
storage periods. After storage periods of 12 months at
36-409 F., approximately 30 percent of the pupae were
nonviable. Doane (&, p.72) stored onion maggot pupae
at 41.0 to 42,8° F. with a viability of 95 percent after
16 months.

Adult cultures were started with about 200 onion
flies which emerged within five to six days of each cther.
No additional flles were introduced after this time so
that the age of the flles in each cage was known at ell
times. Four-luch greenhouse pots of cnion seedlings,
three te five inchee 1in helght, were pleced in tie cages
for oviposition. If egge were desired for an experiment
the sgeedlings were placed in the cages for a short time
‘during the egg laying period which usually occurred in the
late afternoon., Otherwise, they were left in the cage
until several hundred eggs had been deposited. The pcts
were then removed and wetered lightly. Half of an cnilon
bulb, 1.5-£.% inches in dismeter, was placed, cut surface
dewn, on the seedlings. Soll was sdded around the edges

of the bulb to prevent dryling (Fig. 6). laggots emerging



from the eggs-fed cn the seedllings and the onion bulb.
Cnlon bulbs which were nearly consumed were soft and
yielded to the touch, making it very easy to check the
condition of & nuuber of pots in a short time., Fresh
bulbe were added where needed. Pupae from naggots ralsed
in the greenhouse were labeled as to origin and number

of generations recared and placed in cold storage until
used, ['requent examinatlons were made during the rearing
to sec that only E. gntigua wuas present,

E. antigua which had been reared over two generatlons
in the greenhouse were not used in the test work. This
was done to reduce the poscibility of using insecte which
might have differed froum field strains. 2Smith (38, p.
187-100) reared the plum curculic, Conotrachelus nenuphsar
(HEbst.), torough 40 generatlions in the laboratory. After
the fortieth geueration he found thet egg production had
‘doubled due to a longer period of ovipoeition and an
increacsed rate of egg laying. Adults were 20 percent
lerger than speclmens collected in the fleld.

AT Tirst the diet for the adults consisted of honey
and brewers yeast in tablet form. A six inch greenhouse
platter of wabter was also placed in tie cage. Egg produc-
tion was satisfazctory. Vhen the supply of brewers yeast
was exnausted, it was found that the brand had becn dls-
contlinued. Three different braands were substlituted but

were not attractive to the oanicn flies. Little feeding
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was observed. Periods of egg production were erratic and
few eggs were lald.

The diet was then changed to milk (with formaldehyde,
two parts per thousand, to retard spoilage) and honey.

To 25 parte of honey was mixed one part of a liguid vit-
amin concentrate contalning vitamins A, D, B3, Bg, Bg,

C, E, nlacinamide, pantothenlc acid, choline chloride,

and inositol. [i1lk was supplied to the onlon flies in
esmall jars inverted on the screen on top of the cage with
cheese cloth placed over the Jjar opening to prevent spill-
age. The honey was placed on top of the cage in small
droplets. Very good egg production resulted from this
diet throughout the year.

In colonles started with approximately Z00 cnion
flies, from 100 to 200 eggs per day were obtained during
the first two to three weeks of egg production. As the
age of the culture increased and numbers of adults became
less, egg production decrecased. Most experiments were
planned so that large numbers of egge were avallable
when required. At times, cultures were started about
one month apart so that large numbers of eggs were pre-
sent over an extended period.

Viabllity of eggs was often 100 percent and ranged
from 90 to 100 percent summer and winter. Perron, La-
france, and Hudon (30, p.145-146), rearing onion flies on

evaporated milk and molasses plus moistened yeast cake,
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Figure 5. Rearing Hylemya antiqua in the greenhouse.
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Figure 6. Rearing Hylemys antigua larvae
in greenhouse pots.
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obtained egg production with an egg viebillty of 85 to 95
percent in the summer and <5 to 35 percent in the winter.
They llisted escme femclesg zs8 living 139 deys in the summer
end meles living 60 to 70 days. In the winter femzles
lived ae long ag 60 to 70 days, males & month or a little
longer.

In Oregon, at temperatures between 65-75° F., males
and femaleg in cages lived as long as 60 to 70 days
sumier and winter with the females generally living a
few days longer than the males. Haximum length of 1life
for the females was 101 days and 77 days for the males.
In cultures, deaths occurred at a somewhat uniform rate
after emergence from the puparie until the last fly weas
dead.

At times in the rearing of the onion maggot flies,
egg production diminished for no apparent reason. Upon
examination of the culture, males with torn and broken
wings were found among the seedlings placed 1ln the cage
for oviposition. After removing these fllies and decreas-
ing the numbers of other males in the cage, & normal rate
of egg production resulted. It was belleved thatl the
males, in attempts at copulation, prevented the females
from oviposition. Patterson (29, p.l04) reported that
the wings of male house flies 1n rearing cages were char-
acteristically broken by the upward thrusts of the meta-

thoracic legs of the females 1in repulsing efforts at
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copulation. Wing damage to the male onlon maggot flies

appeared simllar to that reported by Patterson.

Solls Used In The Study

Three types of soll were used in portions of the
experimentation: Lake Lablsh muck, Oregon Stete College
Horticulture Farm sandy loam, and Oregon State College
Entomology Farm clay loam. Onlons are grown commercially
only in the Lake Labish and Horticulture Farm soil types.
Horticulture farm and Entomology ferm soils will here-

T

after be referred to ss Hort. soil and Ent. soil. Lab-
oratory analysls performed by the Oregon State College
golls department is listed in Table 1.

Teble 1. Anelysis of soils used in the experimentation.
(Performed by the Oregon State College Soils

Department).
So0il Orgenic Sand 811t Clay Field
material ) ) ) capacity
(%) (%) (/) (%) (/)
Lake Labish 18.53 * # * 45,62
Hort. farm 1.77 55.62 59.74 4,64 24 .26
Ent. farm 4,43 15.08 3$9.08 45.84 33.25

* unable to make analysis

The BEgg

Soil moisture

J0il moisture appeared to be very important in the

emount of damage caused by the onlion maggot. Numerous



references in the literature on maggot infesgtations re-
ported that damage was most severe durlng years of in-
creased precipitation. Sleesman (36, p.50-51) found that
irrigated onion fields were more heavily damaged by mag-

gots than nonirrigated fields. Kent (19, p.l) reported

that the greatest amount of damage occurred where onlonse
were planted next to an irrigated crop. In those places
where the sprinkler irrigation overlapped into the onion
field it was not uncommon to have as high as 80 percent
of the crop killed by maggots., Baker (2, p.65) stated
that onion maggot flles oviposited without reference to
kind of soll but that larval infestations were usually
heavier in aandy soils than in clay soils. Dustan (7,
p.22, 27) aleo described high onlon meggot infestations
in light soils with low infestations in clay solls. He
found the percentage of molisture to be nigher in the
upper surface of 1ight solils than in clay soil but listed
no measurements. In the test plots at Lake Lablish the
infestation was generally heavier in an area where the
goil moisture was highest.

Preliminary fleld tests were conducted during a
warm dry period in July, 1287 at the Entomology Farm.
One hundred onion maggot eggs were placed 1n the soil
one-fourth inch deep next to every third onion seedling
in each of four thirty foot rows. Vater was applied

every other day to two of the rows, the others remaining



dry. 1In the wet rows 136 onlons were damaged while only
seven onions were damaged in the dry rows.

To find out how much soll moisture was required for
onion maggot egge to hatch, 10 grams of alr dried soill
were placed in salve tins 1 7/8 inches in diameter and
5/8 of an inch deep. Three types of goll were used--
Lake Lablsh muck, Hort. sandy losm, and Ent. cley loam.
Graduated amounts of water were added to the different
containers and mixed thoroughly with the soll. Ten eggs,
less than six hours old, were added and the salve tin
coversg pressed cn firmly. The paper writing-surface on
the covers had becn removed as 1t absorbed moisture from
the alr. The salve tins and contents were then weighed
to four decimal points. After two to six daye at 71-730
F'« they were opened to count numbers of eggs hatched.
Unhatched egge were dissected to see whether they were
infertile or whether the larvae had died within the cho-
rion. The checks contained suificient moisture for the
most rapid hatchlng of eggs (about two days).

Molsture percentage was computed by drying the soll
at 2219 F. for 24 hours. After drying, salve tin covers
were replaced immedistely &s the dry soil absorbed molst-
ure rapidly from the air. Difference in welghts between
damp and dry soll gave the percent of water content.

Hatching of oniocn meggot eggs was delayed under

conditions of low scil molsture. If s0il moisture vas
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increased during this perlod, maggot emergence from the
eggs usually occurred within two to 30 minutes. Mortality
increased with delay in hatching until after three days
less than 20 percent of the larvae emerged. Results of
over 70 trials indicated that a molsture content of about
10 percent for Lake Labish, 13 percent for Ent., and five
percent for Hort. soll was required for optlimum emergence

(Table 2).
The Larve

Onion megrot damage to onions is caused by the larval
stages which feed on the underground stem and bulb of the
onion, killing the plant or destroying ites market value.
Most of the damage occurs in the early part of the year
when the onions are in the seedling stage. Little damage
is experienced later in the season in most years. However,
in some years late season damage may be qulte severe.

The onion maggot larva l1ls positioned inslde the egyg
with the mouthparts at the antero-ventral portion. By
wetting the egg so that the chorlon becomes transparent,
the maggot can be observed cutting at this portion.
Whether the maggot cuts through the chorion or splits
it open by internal pressures is not known. The chorlon
splits open along the ventral suture about one-half 1its
length with very light external pressure and nearly full

length with moderate pressure.
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Table 2. Percent of soil moisture required for larval
emergence from H. antigua egges in different
soils.

Lake Labish Soil Ent. Soll Hort. Soll

Molsture Larval Molsture Larval Moisture Larval

emer- eme r- emer-
) gence gence gence
(%) (%) (%) (%) (%) (%)
6.71 0 6.36 0 3.51 0
6.90 20.0 6.61 0 5.64 44,0
6.93 0 7.31 0 4,53 70.0
6.99 10.0 7.31 0 4,82 88.¢
7.95 100.0 7.71 11.1 5.358 100.0
8.24 60.0 7.92 £26.0 .40 88.9
8.43 66.6 B8.45 0 6.44 100.0
8.61 66.6 8.35 26.0 7«12 100.0
8,66 75.0 8.44 60.0 J.60 100.0
8.6% 70.0 8.98 14.3
8.88 77.8 J.20 62.5
Jecd 0.0 9,7 60.0
9.71 70.0 9.89 30,0
9.92 20.0 10.20 56.6
10.28 100.0 10.22 87.5
10.31 56.6 10.72 44,4
10.3% 90.0 10.96 70.0
10.36 100.0 11.49 88.9
10.91 100.0 13.00 75.0
11.06 80.0 13.67 100.0
11.85 88.9Y 14.89 100.0
12,62 100.0 15.62 100.0
16.74 100.0 1.64 0.0
18.98 100.0 18.84 100.0
20,01 100.0 20.32 100.0
20,57 100.0 c3.28 100.0

goil Moisture

Experiments were conducted to find out how much soil

moisture was required for onion maggot survival Jjust
after hatching from the egg. The experiments were a

continuation of the trials on larval emergencé from

the

egg (p.2l) and the same technicues were used in both tests.
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Results of the experiments showed that larval eclosion
from the egg took less than one minute with good soll
moilsture. In dry solls, emergence took longer and a few
larvae carried the egg shell about for some time before
it was lost. HNewly emerged onion maggrot larvae required
a molsture of 23 percent or more in Lake Lablsh and Ent.
goils and 10 percent or nmcre in Hort. scll for survival
(Table 3). Where there was only enough soil molsture for
hatching from the eggs but not enough for survival, the
larvae traveled only & short distance from the egg beflore
thiey were desiccated and killed.

Judging from the results obtained in the preceeding
experiments on soll molsture reports of high maggot infes-
tations in light or sandy solls and low infestations in
heavy or clay solils may be due to the water retentive
ability of the different solls. The molsture present
may be in such an amount as to be more available for egg
hatching in 1light solls than in heavy solls. For example,
if the soll moisture happens to be between 5-10 percent,
there 1s more likelihood that onlon maggot egie and larvse
will survive in Hort. type sandy loams than in muck or
clay loam solils.

After emergence from the egy, the larvae penetrated
the soil to the base of the onion where they entered just
above the basal plate. COnion roots were generally not

fed upon although in the greenhouse, maggots tunneled in



the larger roots of onion bulbs when food suppliee were
ghort. Leaves of lnfestecd onlons first turned dark green
and flacclid, then became yellowed and drooping until
finally they fell over. When maggot damaged seedlings
were pulled up, only the outer sheath came out of the
g0ll, the basgal plate and roots remaining in the ground.
The maggote usually stopped feeding at the soil surface
and left the onion from the basal portion or cut through
the stem sheath near the soll surf:zce and burrowed to a
new onion host.

Table &. Percent of soll molisture resquired for H. antigua
mageot survival in different soils.

Leke Labiegh Soll Ent. Soil Hort. Soil
Hoilst- laggots Moist- Meggots Molst-  Maggots
ure alive (%)* ure alive (%)* wure alive (%)*
24 48 b 48 4 48

(4) hours hours (%) hours hours (%) hours hours
16.7 0 0 15.6 0 C 5.4 0 0
17.0 0 0 16.6 0 0 6.4 0 o
20.1 100 o) 18.8 100 0 7.1 0 o
20.6 100 0 0.3 100 0 a0 100 100
210 100 tsto] L343 100 100 ) 100 100

RCe & 100 100 <Ll 100 100 1i.8 1060 100
23.4 100 100 &3, 100 100 15.6 100 100

* Ten H. antiqua egge were used in each test

Phototropic response and feeding

A negative phototroplc response appeared to stop
maggot feeding in the onion seedlings at, or slightly
above, the soil level., VWhen infested seedlings were

covered to exclude all light, the maggote continued
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feeding up into the leaves. In onicn seedlings which fell
over, the lasrvse fed outwards to the tip (elght inches)
if the dianmeter of the onion leafl was large enough to

acconmodate them.

Numper of geedlings destroyed per mageot

Many statements have appeared in the literature that
ocnion maggots were most damagling in the spring because
each larva consumed a number of secdlings. Later in the
secson, one onion bulb would support a large number of
maggote. Kendall (18, p.83) reported that one larva of
the first generation would kill four to five plants when
onions were small, while larger onlons would sustain
15=-20 magg.ots.

To find out how many onlon seedlings one maggzot would
destroy, tests were set up in the greenhousc involving
four to six inch clay pots of seedlings of different
slzes. The tests were performed a number of times durilng
the etudy and over 200 pots of onions were used. Each
trial congisted of groups of five to ten replicate pots
of seedlings. One onlon maggot egg was placed in each
pot and the number of onions consumed was recorded every
three to four days. Onlon seed had been planted one inch
deep in all pots so that the length of onion stem consumed

by the maggots was the same. Numbers of onions per pot
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ranged from 35 to 45 in trisls involving the smaller
seedlings (1-2 mm. in dlasmeter). In tests of the larger
gseedlings (3-5 mm. in dismeter), & to 10 plants were
grown in gix inch pots. Measuremente of seedling helght
and dlameter at the soll surface were taken at the start
and finish of each experlment.

Several factors complicated the experimentation.
From the placement of the eg: in each pot until the last
onion was destroyed generally took about 20 days. During
this time the plants were growing larger. The seedlings
also varied slightly in size due to inherent growth factors
and spacing of the plants which varied due to seed place-
ment and destruction of seedlings by the maggots. The
data in Table 4, therefore, represent the average slze
of the onion seedlings during the experiments (Fig. 7).

Table 4. Effect of onion seedling size on numbers de-
stroyed by individuzsl onlon maggots.

Seedling size Nos. of plants Mean No. seed~

diameter® helght*#* destroyed lings destroyed

(mm. ) (mm. ) (range) per maggot

1 40 25=-35 28.0

1-1.5 75 17-26 22.0

1.5 125 10-19 13.5

2 180 6=-13 9.0

3 225 Z=-4 Sed

4-5 260 - 1.0

* at soll surface

#%* from soll surface



Figure 7.

28

Different slizes of onion seedlings
used in tests to determine the

number of plants destroyed per
onion maggot.
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Lovett (21, p.l) and Saith (39, p.l78) reported that
maggots feeding in mature onlons appeared to take longer
to complete theilr development than maggots feeding in
younger onions.

In the present study onion maggots were reared in
seedlings, 1-2 mm. diameter at the soil surface by 100-<00
mm. in height, and onlion bulbs, 50-65 mm. in diaueter,
under greenhouse conditions. Larvae rcared in both seed-
lings and bulbs were found to pupate at nearly identical
‘times (Table 95).

Table 5. Length of larval stages of H. antiguys reared in
onion seedlings and mature onion bulbs,

Length of larval Days Mean No. of
stages larveae

In seedlings 16-21 19,0 100
In bulbs 15-28 lu.4 405

Onion maggot survival without food

H. antigua larvae were found to be able to survive
for a considerable timne without food. Numbers of maggots
of different instars were placed without food in approx-
imetely one ounce of moist Ent. soll in sslve tins, 3/4 of
an inch in height by 1 7/8 inches in dlameter, for varying
lengths of time. At first the period without food was
for 24 hours. All maggots survived. In following tests,
the period without food was gradually increased uslng a

fresh group of larvae eazch time.



In filve trials of first instar larvae made just
after emergence from the egg, 35 of 40 maggots survived
after three daye in moiet Ent. soil without food. All of
17 first instar larvae survived after four days in molst
soll. lione of 20 first instar larvee withstood starvation
of slx days.

Trials of 110 second to young third instar maggots
without food for six days resulted in 29 dead and 81
survivorsg. [orty medium aged thilrd instar larvae were
apprarently unaffected after six dasys in moist soil.

At the end of the preceeding experiments and of
other trials where the abililty of the insect to withstand
starvetlion, submergence, drying and so forth was examlned,
the individuels tested were placed on a section of lightly
chopped onlon. Inaects winich fed and were active three
days later were listed asg surviving. Many tiumes insects
were ctill moving at the end of & trial but were unable

to Tecd and died £4-465 hours later.

Onion maggot movement in the goil

After an onlon maggot hae destroyed an onlon, 1t
tunnels through the soil in search of ancther plant. In
flats of onlon seedlings in the greenhouse, maggots seek-
ing a new host frequently passed by & number of onions and
fed on one scme distance away. In field plots at Lake

Labish, maggots often croscsed between the onion rows which
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wére 14 inches apart. Sleesman and Guil (37, p.dC) report-
ed on experimente in Ohlio in which 12 percent of the onion
maggots migrated to adjacent rows of onions in the fleld
while 88 percent remalned in the row.

pxperiments were performed on onion maggot movement
in the greenhouse using flate of soll ranging from 14 to
<4 inches square end from three to l< inches deep. Little
work was done with first instar lsrvae as onlon maggot
egye are generally placed very close to the host and the
lervee hove usually reached the second instar before
leaving the onion. However, it was found in tests per-
formed 1n 8ix inch pote that Z1 of 256 first instar larvae
tunneicd, after emergence Ifrom the eggs, tc an cnilon cube
placed & 1/2 inches away in molst Ent. soll. No maggots,
from 40U eggs,.tuaneied © inches to an onion cube in two
geperale trlale. Late third inster larvaee were ellmi-
nated from the experiments as they tended to pupate upon
being dilsturbed.

Onion maggot movement vag determined in two ways. A
number of larvee were placed 1/4 inch under ti.e soll
gsurface in tihe center of a flat of soll. Several hours
later the soil wae removed in layers and the location eof
each larva recorded. In other tesis, maggots were placed
1/4 inch under the soil surface with a one-half inch cube
of onion leocated one-half inch deep in the soll some

distance avw~,. The onion cube was removed at intervals



and the number of maggots feeddng in 1t were counted,
Onlon meggot movement varied with soll type and
larvel slze, Second and medium gged third instar larvae
were able t? tunnel through 12 and 15 lnches respectively,
of moist Ent., lake Labicsh, and Hort. solls to an onion
cube within 24 hours. Heggot movement through Lake Lablsh
goll was the most rapld while Hort. soll was culte re-

sistant to passage (Table &).

Table ¢. iovement of second and medium aged third inster
onlon maggot through Lake Lablsh, Ent., and
Hort, soils.

Iastar Soill Inches Maggols Laggots atl onion
in teet 24 hre. 48 hre. Total
2 l.ake Lablsh 12 510 17 7 24
2 Ent. 12 30 11 10 21
2 Hort. 12 30 & 0 4
5 Lake Labish 15 36 <6 5 31
! Ent. 15 35 20 7 27
3 Hort. 15 39 it 1 18

Thirty-five mediun aged third inster larveae which
had been neld in & pot of Ent. solil for four days without
food vere plzced in & flat of molet ¥nt, soil, After four

hours the mag;ots had tunneled as below:

Inches travelied G  § 2 3 4 5} 6 7
No., of maggots s 10 4 2 4 8 & ©

Fourteen of 45 early third inster maggote traveled
four inches to an onion cube within 24 houre after five

daye without food.



On molst solls lerval penetration from the surfeoce
took place wilthin & minute or slightly longer and move-
ment through the scll wae accompllshed very casily. Onion
magzots placed on loosge dry solle had difficulty in amoving
over or penetrating the surfece., If the maggots succecded
in entering the soll through a crack they often reappeared
after several alnutes. Twenty-five medium aged third
instar larvas were placed one-half iach deep in two flats
of ailr-dry Labish soll in July. One hour later the larvae

had tunneled as below:

e
A
W

Iinches traveled 0
No. 0ol maggots i1 o 7 6 0

Twenty-one larvae appeared at the soil surface.

In air dry lLake Lebish peat of 4.1 percent moisture
content, 40 second instar msggots were desd--chriveled
and brown in color--after four nours at a temperature of
740 to 760 F. Sixty medium aged and late third incter
larvae survived €.5 hours under similsr conditions. Four
of <0 medlum aged third instar larvae survived nine hours
in Labish goll of 6.5 percent molsture content. WVater
and an onlon slice were added, but the larvae diled 24 hours
later. One medium aged third instar maggot of 20, ex-
posed to Z1 hours in Lebish scil of 8.3 percent moisture,

wae allve three days later.

Onlion maggote release