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THE BIOLOGY OF TRE OION MAGGOT, HYLEÁYA ANTIQ.UA 
(M}IGEN), UNDER FIELD AND (]EENHOUSE COJDITIONS 

INTRODUCTICN 

l*yleinya antiu (Neen) le one or the most imoortnt 

pests attaek1n onions. In ¡ost onion grow1n areas it 

causes damage to the orop nearly every year aid soue years, 

almost eonp1ete destruction is roc1ueed. In tììe United. 

States 1089es occur o1y iii the northern areas, thc onion 

rnaot beiÀg o ii.tie or no importance in tile south. 

Tíe current literature concerning the onion maggot is, 
£uinly, from the United. States, Canath, England, Germany, 

and Russia. 

A survey of tie literature disclosed a large number 

01' references on control of te onion maggot wIth a lesser 
nuber on its biology. Biological dats were chiefly 
descritive, rather than explanatory, ant enerlly eon- 

cerned observable factors such as emergence in the spriz, 

lenth 01 trie vorious stages, reovi;osition period, 

number of egs laid er female and so on. These data bere 

very similar in most of the papers examined. Many reports 
concerned a heavy infestation of onion maggots iiiCh 

occurred unexpectedly. 

The onion mag-ot as first described in Europe by 

Neion in 1826. It reached North America shortly after- 
ards. Some of the first records of injury are froni the 



eastern coast of the United. States. Harris (14, p.4) 
reorted severe damage caused by the ixìeect In 4asachu- 

sett6 In 1841. Couper (o, p.9) stated from Canada in 1875 

that trie onion maggot was a pest throughout the 

extent of the DoIdnioflt. About 1:1O, the onion maggot was 

introduced into the Lake Labish area near Salem, which Is 

the major onion growing region in western Oregon (34, 

p.140). 

Control of H. ati.ua In the Lake Labish area was 

cillilcult fL)iL the begInning. Lovett (bl, j.1-2) in 1923, 

reorteLL over 70 dlflerent treatments had been tried 

against the insect up to that time with only partial suc- 

cess. Testing of Insecticides by various workers was 

continued throuki the years with varying results. 

Calomel was used with good. results for a number of 

years but was expensive, caused pLanter clogging, arid wa 

somewhat phytotoxlc. ïroin 1.4d to tests by Thompson 

(40, .1) showed that DOT applied as a drench Into the 

furrow at planting time gave good control. DOT was re- 

placed by chlord.ane in 15l and used until 153. 

In 1953, a very heavy infestation of the onion maggot 

occurred. All treatments tailed and onion losses ranged 

from 50 to 100 percent. In 1954, DDT dusts ap1Ied in 

the onion fields to kill the adults were found to give 

satisfactory control. Growers dusted whenever they saw 

onion flies in the field and. little dambge was experienced 



after June ì. The larg .iumber of treatments (as htgh aa 

12) requIred in this method ot oontroi was expensive. 

Experimente were initiated. in 15& using onion seed treated 

with insecticides, a treatLient which was proving successful 

in several parts ot the country. At ti: tinie it was 

decided that a studj of the biology or he onion maggot 

under Oregon conditions might produce sorne new ideas which 

would lead to better control. 
Biological work on . antigua was initi.ted in the 

summer of l;5ö and was terminated in the spring of 1968. 

As the numerous reports which had been made of the onion 

maggot life cycle in the literature were very similar, 
this phase was not examined intensively. The priaary 
purpose of the study ae the further investigation of the 

basic aspects of the problem. 

DESCRIPTIONS OF STAG:5 

The foll;wirÀ descriptions of stases of' Hylemya 

antiqua U1eigen) were modified from the descriptions of 

various authors 1nclding dues (26, p.ö8-bB6), Eyer 

(8, p.4-9), and. Smith (3;, .l78-l8O). 

The gg 

Eggs are 1.2 nu. long by 0.5 nimi. wide, white, allan- 

told, truncate at the anterior end., and rounded at the 

posterior end. The surface of the chorion is marked by 
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numerous fine longitudinal triae ihieh run into one 

another at irregular intervals producing a reticulate 

appearance. A r1ng-li1:c ridge at the anterior end. of 

trie egg divides into a number of fine ridges wnieh con- 

tinue in a narrow ventral band. to the josterior end, 

foriing a suture ':hich iits ojen at larvaL emergence 

(Fig. 1). 

The i.arva 

Onion inagot larvae are museldiform, ite, o-10 

mm. lon 'when ful.. grown, taeri1L toard.s the ceha1ic 

end. outh nrts are protrusibL., hook-like structures 

embedded in the anterior segients. The prothoracic sj4- 

rLcles are inconsieuous, tan-shped, and co.osed of ii 

to 1 digits. The kJosterior end is broadly flattened, 

containing two raised, yello;ish, caudal spiracles each 

ith three oval openins. Cight pairs of caudal tubereles 

iistinuih the onion maggot from other s celes of the 

genus by their form and. arrange ment. 

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. First instar iouth 

hoL.ks are small and. delicate, second instor mouth hoo1s 

are someihat heavier, ;hi1e third instar mouth hooks are 

very stout and distinctive (Fig. 2). 
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The FuLrhun 

The upar1um is e1onate-ova1, rounded at the encLs, 

iihitish uhen first formed, later turning yiio-bro';n to 

uark red-brmiï. As the pupar1uri consiss ot the la.t 

larval cuticle, it can eneraily be identitiei by larval 

characteristics. In tue formation of the puparium, the 

cephalie end. is dran inLards with the prothoracic s ire- 
cies assuming a terminai pos1tin ). 

The Adult 

Oniun riles (Fig. 4) are similar in 'ize to the 

house fly, usea domertiea Linne. The wings cf ti:ie oiîon 

maggot fly ap;ear longer and. narrower cud 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 

fo1lwing descri.tïn of the adult fl. antigua eicn) 

is from the annotated list of' }3riti6h Anthomylidee of 

Ì4ead.e (44, p.218-9) who identified the ins:et as horbia 

ceietorum, ïieacle. 

Head: iace siihtly urominent; epistorne flet; 
eyes of male contiguous; antennae of moderate 
length, with arista thickened and. pubescent at 
its base, but nearly bare in tue mid le and at 
the extremity. 
Ihorax: with the scutelluín of a light yellovish- 
grey colour; the former marked with four indis- 
tiflet pale crown strikes, and with four rows of 
black bristles. 
Abdomen: oblong and ratner narro:, cinreous, 
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clothed with black hairs, nd shoin silvery- 
wiiite refleetioi is hen vieweJ. rrum behind; it is 
marked down the dorsurn ith a roi or eloxiated, 
narro', trianular black spot., hieh rorm a 
subeontinuous stripe; tLe eLla segnieiìt le grey, 
siall an. rather poLited; the subanal male 
¿endages are iar 

; 
e and hairy. 

ing; hyalirie, ith te third arid tourth 
lon,itudirial veins nearly papallel to eacki other, 
and the external transverse ones slraight, and 
a little oblîue; Calytera arid Ilalteree both 
pale ye1lo; Le;s sometimes piceous; hind euiora 
almost bare f hairs or bristles at tne base 
of their under-surfaces; hind tibiae of tÈte 
males furnished with a fe short bristles along 
trie middle and upper part of hir inner sides. 
The female is very similar in colour to tue male; 
the eyes are ;idely separated, the intervening 
s;ace being red at its front part; the abdomen 
lE dull grey, mostly immaculte, conical and 
pointed at the apex; the calyptera are white, 
and the halteres yeflow»1 
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Figure 1. Hylemya antiq egg (x120). 
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Figure 2. Hylemya anttqa larvae (x21), 
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Figure 3. Hylemya antigua pupae (x].0). 
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Figure 4. Hylemya antigua adults (xlO). 
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BIOLOGICAL 3TUDIES 

ìeari.n' kiC iILO1 

It was determined at tne beining or tke problem 

to rear tne ouion rnagt in the greenhouse so tust al 
stases of tne ineot would be ava1lible for exerimenta- 

tiori tnroughout e year. 

Ttuere were few references in tue literature con- 

ceriiíu successful rearing tecinIiLues for H. antIc_us. 

iiles (..,?, p.12) reared onion flies on su;ar solution 

and water cotairÀIn fish meal (oultry food). She sub- 

esîed th&t a tenipereture of ap proximately 800 F. was 

necessary for cased files to oviposit freely. Rawlins 

(&, .1ïL) 1) reared onion maggot adults on a diet of un- 

diluted honey and breers yeast. The food was placed 

in open vessels and. renewed at weekly intervals. Rawlins 

reported that Itcopious egg production fol1o:ed» Perron, 

Lafranee, and Hudon (30, p.l45-l46) used euaï parts of 

molasses and evaporated milk placed on bread. Broken 

yeast cake sliutly uoistenecl :ith 'íater, was also placed 

irì te rearing caces. These authors stated that sudden 

ckianes in teperature and humidity were essential and 

that teperature should vary beteen ?000 
Modifications of the latter two methods were tried 

with peoe succes. After soe experimentation it ;as 
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found, that greenhouse temperatures over 800 F. caused. 

increased adult mortality and lo egg production. Rearing 

was carried on after this time at day temperatures of 

70-750 F. and night temperatures of 60_650 F. 

Heating in the greenhouse was by steam. An evapor- 

ative type cooler, with a capacity of 5500 cubic feet of 

air er minute, kept the temperatures below 770 F. even 

on the hottest days. Temperature regulation was by means 

or thermostats. 

Cages 2x2x2 feet were used for rearing the onion flies 

as they afforded room for a number of reenhouse pts, yet 

took up little bench space. One cage 3x.x3 feet, per- 

Lnittiag the introduction of flats, and. several cages 

1x1x1 ieet were aiso used. The cages ere covered with 

1/16 inch mesh lumite screen ;i.th a sleeve type opening 

at the front (Fig. 5). 

Cultures were started by collecting larde numbers 

of maggot-infested onions irim the fIeLd and placLig them 

in large greenhouse pots with soil until pupation. The 

puparia were collected. by breaking u the contents of the 

puts in a deep pan of water. The puparia floated to the 

surface where they we'e ekmmed oft with a small screen. 

The puparia were placed, slightly moistened, i.nto 

epty salve tins which were labeled as to area and date 

collected and. stored. at a temperature of 3540 F', When 

adults were desired, the puparia were removed from cold. 
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.torae arid placed on a moictenerl filter paper in a petri 

d1th at 70-73° F. If diapause ':as terminated by tiie time 

¿ see page 40) , adult eniergence fror the puparla and pro- 

duCtLOn Of egg could be ex:ccted within 22 to 24 clays. 

Very flies erierged at storaL:e temperatures and. 

losses due to death of pupae vere loi except after long 

storage periods. Arter storage periods of iL months at 

:;5-4o F., approximately 5O percent of the pupae were 

nonviable. Doane (6, p.7) stored onion maot pupae 
at 41.0 to 42.8e F. with c viability of 5 percent arter 
16 months. 

Adult cultures iere st.rted with about 200 onion 

flies which emerged ithifl five to si:' days of each other. 
LO additional flies vere introduced after this time so 

that the aL;e of the flies in each cage was known at all 

times. Four-itch ¿reenhouse pots of onion seedhins, 

three to five inches in height, ere placed in t.e caues 

for ovipo9itiofl. If eggs :ere desired for an exì,erimaent 

the seedlnge were placed in the ca&es for a short tiuie 

duriL1 the egg laying period ;hich usually occurred in the 

late afternoon. Otherwise, they were left in the cage 

until several hundred eggs bad been deposIted. The pcts 

i;ere then removed and ii&tered lIhtly. Half of ¿n onion 

bulb, nche in diauieter, .:as placed, out surface 

do';n, on the seedlings. Soil i:as added around the edes 

of the bulb to prevent drying (Fig. 6). aggots eraerìng 



from the eggs Led. on the 3eed1ina nd the onIon bulb. 

Onion bulbs thich vere nearly eonsurnec3. bere sort id 

yielded to the toueli, nkin .tt very easy tu eok the 
condition or E nwnber of pots Th short timc. FreEh 

bulbs were added where needed. Pupae £ro L1aots raised 

in the greenhouse were laboled ae to ori;1n and number 

of generation$ rcared. and placed in cold storage until 

used. £'rcjuent examinations were made during ti rearing 

to se that only fi. antiQua WEB present. 

¡. autiva wiich had been reared over two generations 

in the renhouse were not used. in the test work. This 

ias done to reduce the possIbility or using insects which 

might have difereci rru1.t field strains. Smith p. 

l8?-lO) reared the plunk eureullo, Ccnotrebelus nenuhar 

Hbst.), through 40 eneration in tie lboratory. After 

tile rortieh ¿eeration ne found that egg production had. 

doubled due to a longer period. cl' ovpoition and an 

inoreasei rate o egg laying. Adults were 25 peroent 

larger than spec1iens collected in the field. 

Jt first the diet for the adults corisised of honey 

and. brewers yeast in tablet for. A six inch greenhouse 

latter of aater was also placed in te cage. Egg produc- 

tioli was stisfaetory. when tue sup'ly of brewers yeast 

was exhausted, it was found that tie brand had beon dis- 

continued. Three different brands were substItuted but 

here not attractive to the onion flies. Little feeding 



JaS observed. Perioth of eg proiuction 'ere erratic and. 

rew eggs vere laid. 

Tue diet iac tnen ehaned to milk (witti foria1dehyde, 

two parts per thousnd, to retard spoi1ae) and honey. 

To 25 parts or honey was mixed one part ol a lijuid vit- 
anin concentrate eontainin vitamins A, D, 13j, B, 6, 

, i, niaeinarnicie, pantothenic acid, choline chloride, 

and inositol. llk was supj.lied to the onion riles in 

síiaii jars inverted on the screen on top oX tfle cace idth 

cheese cloth placed over the jar opening to prevent spill- 
age. The honey was placed on top of tne cace in 8ffl&lï 

droplets. Very hood egg production resulted from this 

diet throu1iout the year. 

iii colonies started with aproximately LOO onion 

flies, froni 100 to 200 eggs per day were obtained durin, 

the first two to three weeks of e; prociuctioLl. As the 

ae of the culture increased and numbers of adults became 

less, eg' production d.ecre-ased. jiOCt expeririients were 

planned. so that larf,e numbers of eggs were available 

when re.uired.. At ties, cultures were started about 

one ¡ionth apart so that large numbers of eggs were pre- 

sent over ari extended period. 

Viability of egs was often 100 percent and ranged 

from 0 to 100 percent summer and winter. Ferron, La- 

france, and Hudon (O, p.145-i4u), rearing onion flies on 

evaorated milk and molasses plus moistened yeast cake, 
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Figure 5. Rearing Hylemya anti in the greenhouse. 
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obtarLed egg production .ith ari 

percent in the sum:.er and ¿5 to 

They listed scriie ferniee s liv 

and. rnies living 60 to ?J days. 

lived a long as 60 to 70 days, 

longe r. 

egg viability of 8b to 5 

3b ercent in tíie iinter. 

1n 139 days in the sumnier 

In the winter females 

males & conth or & little 

In Oregon, at tenìpertures beteeu 55_750 F., males 

and femalee in cages lived as long as 60 to 70 clays 

suaer and winter with the females generaL y living a 

few days longer than the males. Laximum length of' life 

for tue feiìales was 1J1 clays and 7? days for the males. 

In cultures, deaths occurred. at a ie.;h:.t uniform rate 
after emergence from the puparla until the last fly was 

d.oaa. 

At tiiies in tue rearing of the onion maggot files, 

egg prod.uctln diminished for no ap.arent reason. Upon 

exruinatlon of the culture, males iith torn and. broken 

iings were found among the seedlings placed in the cage 

for ovi1ootlou. .é1'ter removing these f..es and d.ecrea- 

lflg the numbers of other males in the cage, a n&rmai rate 

or egg roduction resulted. It ;as believed that the 

ales, in attempts at copulation, revented. tue females 

frou oviposition. Patterson (29, p.104) reported that 

tne wings of male house flies in rearing eaes were char- 

acteristically broken by the upiard thrusts cf tbe mcta- 

thoracie lcgì of tne females in repulsing efforts at 



copulation. king daruae to the ¡ia1e onion maggot flies 

apeared. similar to that reported by Patterson. 

Soils Used In The Study 

Three types of soil were used in portions of the 

experimentation: Lake Labish iuck, Oreon St.te College 

Horticulture Farm sandy loam, and Oreon State College 

Entomology Farm clay loam. Onions are grown commercially 

only in the Lake Labich and Hortioulture Farm soil types. 

Horticulture farm and Entomology Lrm soils will here- 

after be referred to as Hort. soil and Cnt. soil. Lab- 

oratory analysis performed by the Oregon State College 

soils department is listed in Table 1. 

Table L Analysis ol' soils used in the exeriientation. 
(Performed by 
Department). 

tne Oregon State College Soils 

Soil Organic Sand Silt Clay Field 
Laterial capacity 

(?) (x?) (A?) (») () 
Lake Labish l3.53 46.62 
Hort. farm i.'?? ob.62 j.'?4 4.64 24.26 
Ent. farm 4.4 i....OS .08 45.84 33.25 

* unable to make analysis 

The Egg 

Soil moisture 

oil moisture appeared to be very important in the 

amount of damage caused by trie onion maggot. Numerous 
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references in tie iiterture on .igot riectat1s re- 

;orted that daiìae was most eevere ìuring years of in- 

creased precipitation. Sleesriìan Ç56, .53-51) found that 

irrigateì onion Íieicis were more heavily daiiaged by mag- 

gots than nonirriatec1 f'ieïd.s. Kent p.1) reported 

that tke greatest amount or darnae ocurred :here onions 

ere .Inted next to an irriati crc. In those places 

ithere the sprinkler irrigation overiap.ed into the onion 

Ileld it :as not uncommon to have as high as 80 percent 

of the crop killed by ma'ots. Raker (2, p.65) stteci 

that onion maggot flies ovijosited ;1thout reference to 

kind of soil but that larval infestations were usucL:' 

heavier in sandy soils than in clay soils. Dustan (7, 

27) also described hi0h onion maggot infestations 

in 110tit- soils '.ith low infestations in clay soils. Re 

found the ercentae of moisture to be nigher in ie 

upper surface of iiht soits thn in clay soil but listed 

no measurements. in the test plots at LJe Labish the 

infestation was ¿eneraliy heavier in an area where the 

soil ìoisture as highest. 

Preliminary field tests were conducted during a 

wariii dry period in July, 1.57 at the Entomoloy Farm. 

One hundred onion maggot eggs were placed in the soil 

one-fourth inch deeL next to every third onion seedling 

in each of four thirty foot ros. ater was aplied 

every other day to two f tue rows, the others remaining 
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dry. Iñ the iet ro 136 onIons vere dmaed while only 

seven onions were daniaed in the dry rows. 

i " o rirìL out ho much oi1 rnoiture w.s reuu1red for 

onion a;ot eg to hatch, 10 rams of air dried 8011 

were 1aced in salve tins i 7/U inches in diameter and 

5/U of an inch deep. Three types of SOli were used-- 

Lake Labish muck, Hort. sandy loam, and Ent. CiLs loLa. 

Graduated amounts of water were added to the different 

eonhaimmers arid mixed thoroughly with the soli. Te eggs, 

less than six flours old, were added and the salve tin 

covers ressed on firaily. Te paper writing-surface on 

the covers had. ben reuved as lt absorbed moisture from 

the air. The salve timis and entents ;ere then weinhed 

to four decimal points. iIter to to six clays mt 7i-7 

F. they were oj.ened to count numbers of es iiatchei. 

Unhatcnd egs were dissected to see whether they were 

infertile or whether the larvae had died within the oho- 

non. ihe checks contained sufilcient moisture for the 

most rapid hatching of eggs (about two days). 

Moisture percentae was computed by drying the soil 

at 22ì F. for 4 hours. After drying, salve tin covers 

were replaced im!aediately as the dry soll absorbed moist- 

une rapidly from the air. Difference in weights betwen 

damp and. rjry soil gaVe the percent of uater content. 

Hatching of onion maggot eggs was delayed under 

conditions ol' low soll moisture. If soil moisture was 
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increased d1ur1n this jeriod, maggot emergence froffi the 

Cß uua11y occurreL '.1thin two to öO minutes. orta1ity 

Increased ith delay in hate1i1n until after three days 

less than 20 percent or the larvae etuerged. Results or 

over 70 trials indicated that a woisture content of about 

10 Lercent for Lake Labish, l percent for Ent., and five 

percent for Hort. soll iias required for optimum emergence 

(able 2). 

The Larva 

Onion magot 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 its 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 tne season in most years. However, 

in soie years late season damage may be quite severe. 

The onion magot larva is positioned incide the eg 

with the mouthparts at the antero-ventral portion. By 

wetting the egg so that the eliorlon becomes transparent, 

the maggot can be observed euting at this 1ortion. 

whether the maggot cuts through the chorion or splits 

it open by internai pressures is not knon. The chorion 

splits open along the ventral suture about one-half its 

length with very light external pressure and nearly full 

lenth :ith moderate pressure. 



Tb1e . Percent or sofl moisture reuirea ror L.rvai 
einerence from H. antiu egs in different 
soils. 

Lake Labish Soil Ent. Soil hart. Soil 
¿olEture Larval oisture Larval .oisture arval 

emer- emer- emer- 
gence gence enoe 

(.x) () () (/ii) (/) () 
6.71 Q 6.36 O 3.öl O 
6.O 20.0 6.61 0 3.64 44.0 
6.S5 O 7.3l O 4.53 70.0 
6.9 10.0 7.3]. 0 4.8 88.9 
7.95 100.0 7.71 11.1 b.8 luO.0 
8.:4 60.0 ?.2 b.o b.40 88.9 
8.43 66.6 8.25 Q 6.44 100.0 
8.61 66.6 8.b 25.0 7.12 100.0 
.66 75.0 8.44 60.0 9.60 100.0 

8.6v 70.0 8.8 14.3 
8.88 77.8 .2O 6.b 95 0.0 6C.0 
.'?1 70.0 .89 50.O 

9,92 ..,O.0 10.20 
10.28 100.0 10.22 87.5 
10.31 55.6 10.72 4.4 
10.35 90.0 10.95 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 

88.9 14.89 100.0 
12.52 lOu.0 15.62 100.0 
16.74 100.0 16.64 30.0 

100.0 18.84 100.0 
20.01 100.0 20.32 106.0 
0.57 100.0 23.28 100.0 

$oil ioisture 

Experiirients were conducted to find out tiow much soil 

moisture ws.s required for onion maggot survival just 
after hatching from the egg. The experiments bere a 

continuation of the trials on larval emergence fro the 

eg j,.2l) and the same teoììriiues 1.ere used in both tests. 
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eiuits of the experiments ehoed that larval eclosion 

trorn the e; took less than one minute 'with good soii 
moisture. In dry soils, eier:eìce took longer and a te 

lirvae carried ti-ic egg shell about tor sorne ti;e before 

it as lost. ie1y elnerb ' 

eci onion uagot larvae re,uired 

a nioisture of 23 percent or more in Lake Labiski and .it. 

soils and 1 Leroent or iaoi'e in Hort. soll for survival 

(Table ). Jiere there as only enough soil moisture for 

hatchi.ig frui trie es but riot enough for survivaJ., tue 

larvae traveLed only a short d.istariee from the e before 

they were desiccated and. killei. 

Judging froa the results obtairied in the preceedin 

experluients on soll iioisture reorts of high maggot infes- 

tations in uiit or sandy soils arid low infestations in 

heavy or clay soils may be due to the ater retentive 

abiity of tire different soils. Tiie moisture present 

iiS be in euch an amount as to be more available for 

hatching in liL:ht soils than in heavy soils. or exaiiçle, 

ir the soil moisture happens to be between b-lu ierceì1t, 

there is more likelihood that onion magot egs and. larvae 

will survive in Hort. type sandy loa:ns than in muck or 

clay loam soils. 

After eraerence from the eg, te larvae enetrated 

the soil to the base of the oi1on where they entered just 

above the basal plate. Onion roots ;ere ;erierally not 

l'ed. uon aitnough in tne greenhouse, mag:ots tunneled, in 



the larger roots o onion bulbs wtien íood supplies :ere 

short. Leaves of iIestd. onions first turned dark green 

aLld flaccid, then beeaLe yellowed and droop1nL until 

ti.11y tIey teli over. hen maggot darnaed 8eeilin,s 

were pullei up, only the outer sheath ca:ie out or trie 

soil, the basai plate and roots remaining in the round. 

The maggots usually stopped feeding at the soil surface 

and left the onion fro the basal portion or cut through 

the stern sheath near the soli surf.ce and burr o..eci to a 

ne onion hont. 

Table ¿. Percent of soil molture rnuired for Ii. antiçua 
maggot survival in different T'oils. 

Lake Labish $011 dflt. Soil Hort. Soll 

'iolst- !aggots hoist- Mggote hoist- haggots 
ure alive ()' ure alive () urs alive ()* 

48 48 24 48 
() hours hours () hours hours hours hours 

le.? o o lo.6 O O 5.4 0 0 
17.0 0 0 16.6 0 0 6.4 0 0 
20.1 ioU O 18.8 100 0 7.1 0 0 
20.6 100 0 20.3 100 0 100 100 
21.3 100 bb 23.3 100 100 11.2 100 i0J 
22.3 100 lOO 100 100 11.8 100 100 
23.4 100 100 23.7 100 100 15.6 100 100 

Ten F. antiqua eggs ere used in each test 

Phootroie response an feedin. 

A neEçative p ixototropic response appeared to sto 

maggot feeding in the onion seedlings at, or slightly 

above, the soil level. i?hen inrested seedlings were 

covered to exclude all light, the maggots continued 
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feeding up into tne 1eave. In onion seedlings hieki reh 

over, the larvEe fed outwards to trie tip (eiht tuehes) 

it the diaLeter of the onion leaf as large enough to 

aCcoIiLodato them. 

AunL)er ol' soedllins destroyed per maggot 

any statements have appeared in the literature that 
onion maggots were most damaging in the spring becouse 

each larva consumed a number of seodlins. Later in the 

SCoSOfl1 OijC onion bulb 'ould support a large number of 

Luaggots. Kendall (18, p.B) riorted that one larva of 

the first generation would kill four to five plants when 

onions were small, while larger onions would sustain 

lb-20 niagots. 

To Í'iid out iOW fliufly onion seedlings one maggot would 

destroy, tests were set u in the reenhouso involving 

four to si inch clay puts of seedlings of different 
sizes. The tests were ertorued a number of tiiues during 

tiiC study and over 200 pots or onions were used. Each 

triai consisted of grout's of five to ten replicate pots 

of seedlings. One onion raat, g ot egg was placed in each 

Lot and the number of onions consumed was recorded every 

three to four days. Onion seed had been planted one inch 

dec in ali pots so tnat the length of onion stern consumed 

by the maggots was the same. Numbers of oiiions .er pot 
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ranei from b to 45 in tri1s invoivin the smaller 

seeilirigs (1-2 rm. in d.iameter). In tests of the larger 

seecìlin's ('-5 m. in diameter), S to lo plants bere 

gron in six inch pots. 'easurements of seed1in height 

and diameter at the soil surface iere taken at the start 

and finish of eaoh experiment. 

Several factors complicateì the experimentation. 

From the placement oa. the cg, in each pot until the last 

onion was destroyed generally took about 20 days. Duriflg 

this time the plants were growing 1arer. rne seedlings 

also varied slightly in size due to inherent growth factors 

and spacing' of tue plants which varied Clue to seed place- 

ment and destruction of seedlings by tnc maggots. The 

data in lable 4, therefore, represent the average size 

of the onion seedlings during the experiments (FiL. 7). 

jbble 4. Effect of onion seediir size on numbers de- 
stroyeci by individual onion maggots. 

eed1irìg size ïos. of plants ìean Io. seed- 
diameter' height* destroyed lings destroyed 

(m:L.) (range) er maot 

1 40 ¿s-35 280 
1-1.5 75 17-26 22.3 
1.5 l2ô i0-1 13.5 
2 180 6-13 9.0 

S 225 z-4 3,3 
4-5 260 --- 1.0 

-* at soil surface 
from soil surface 
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Figure 7. Different sizes of onion seedlings 
used in tests to determine the 
number of plants destroyed per 
onion maggot. 



Lovett p.1) and. S;ì1th (3, p.1?8) reported that 

rnaots teecling in uiature onions appeared. to take longer 

to coim1ete their development than maggots feeding in 

younger oniuns. 

In the present study onion maggots ere reared in 

seedlings, 1-2 mm. diameter a.t the soil surface by 100-200 

hL1. in height, and onion bulbs, 50-65 mm. in diaeter, 

under greenhouse conditions. Larvae reared in both seed- 

lings and bulbs were found to pupate et nearly identical 

times (Table b). 

Table 5. Length of larval stages of H. anticna reared n 
onion seedlings and mature onion bulbs. 

Length of larval Days sean No. of 
stages larvae 

In seedlin,s 15-21 19.0 100 
In bulbs 1...4 405 

Onion magg;ot survival ;ithout food 

!i. antLua larvae vere found to be able to survive 

fuf a considerable tie ;ithout food. sumbers of maggots 

of different instars ere placed ittiut o d in aprox- 

Liately one ounce of moist tnt. soil in salve tins, /4 of 

&ti inch in height by 1 7/8 inches In diameter, for varying 

lengtiis of tiie. At first the pe'iod without food. was 

for 14 hours. All maggots survived. In following tests, 
the period without food :as :radually increased using a 

fresh group of larvae eLch tifiC. 
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In five trils or first inst&r larvae n1e ju't 

after emorv:enee frurn the egg, .35 of 40 gut survived. 

after three drìs in ¡iioiet nt. soll ithout food. All of 

17 firet instar larvae survived alter four days in moist 

soil. tone of ;) first instar 1rvae :i.thsto.:d starvation 

or six days. 

TriJs or iio second to young third instar maggots 

'ithout food for sì, days r..culted in 2: dead an1. Bi 

survivors. lorty medium abed third ins1ar larvae were 

ap'arently unaffected after six days in moist soll. 

At the end of the preceeí±ing experiments and. of 

other trials where the abiJity of the insect to ;itkistand 

strvation, subznergerce, dryin arid so forth 'das exauined, 

the individuals testcd ere placed on a section of lightly 

chopped Oui3fl. Inacts iiiiCh fed and vere active tiree 

days later were listed as surviving. ìtany ti;ies insects 

iere :till moving at the end of a trial but ere unable 

to fe ci died Z4-4: hours i&.ter. 

riion maggot moveíucnt in the coil 

After an onion maggot has destroyed an onion, it 

tunnels tnrough the soll in search of another plant. In 

flats of union seedlings in the greenhouse, aaggots aee1- 

ifl[) : a ne: host frequently passed by a number of onions and 

l'ed. on one sorne d.ictnee aay. in field lots at Lake 

Labish, maggots often crossed between the onion ro':e which 



biere i inches apart. S1esman aild Gui (37, report- 

ed on experinents in Ohio ifl :hieh 1 percent of the onion 

zaaggots mirated to adjccent rows of onions in tue field 

while 86 perent remained in the row. 

Experiments were erford on onion maggot movement 

in the greenhouse USifl1 flats of soil rangirì from 14 to 

24 iziches sure and from three to D inches deep. Little 

work was drie wi.th fIrst instar larvae as onion ingot 

eLs are generLI.11y pleed very close to the host and the 

larvae h&ve usually reached trie second instar before 

leaving the onion. Hoover, it Was found in tests per- 

rormed in six inch pots that 21 of 25 first instar larvae 

tunneled, aft;r emcrgeice frm the eg s, to an onin cube 

placed 1/2 inches away in moist Ent. soil. No maggots, 

from 4 eggs, tuaneted inches to an onion cube in two 

aeprate trials. Late third instar larvae were elimi- 

nated froc the experinients aß they tended to pupate upon 

being disturbed. 

Onion maggot. movernent a determIned. in two ;iys. A 

number of larvae were placed 1/4 inch under t. e soil 

surface in the center of a flat of so.i. beveral hours 

later tue soil was removed In layers and tne location cf 

each larva rccorded. In other teses, maggots were j.laeed 

1/4 inch under the soil surface with a one-half inch cube 

of onion lccted one-half inch deep in the soli some 

distance :; The onion cube was removed at Intervals 



an t1e xiurnber of niaots feedUn I:i it ;ere counted. 

Onion iigOt inoverirìt v-ned ith soll tye axic. 

larveJ si:. ond anci medIum aged third inst&r irvae 
vere abie t' tw;e1 thrQuh 12 and 15 Inches resectivciy, 

of moict rLt., ay-e Lbisk, and to an onion 

cube tiitnin 24 hours. agot movement tnrough Lake Labish 

soil the iost rapid while Eort. soil as u±te re- 

iotant to asae Table C). 

Table ö. love;ent oI secod and. medium aged, third instar 
onlon ::ot throuh Lake Labisb, Lnt., aid 
Hort. soils. 

Insar Soli iicis 1ugots iagots at onion 

- in test 2iir. 4d kirs. Tit1 
Lake Labish L. CO 17 7 24 
Erit. 11 
Hot. 12 30 4 0 4 

Lake Lahish 15 Cb 26 5 33. 
r -4 1 C) (. ç 

' . -- '- -.- -j'-, f 

3 Hort. lo 1? 1 lU 

Thirty-five mediur aced third instar l&rvae which 

had beEn lilcî in a k-Ct of Ent. soll for four days without 

food ;ere p1ced in . fi.-9t of molet nt. 50uJ. After 

hours tfle magots had. tunneled as below: 

menes traveled 1 2 3 4 5 6 7 

-w. of maggots ' 10 4 2 4 ci C 

lourteen of 45 early third instar iaots traveled 

four inches to an OjilOn cuL-e wlthin 24 hours after rive 

(layE' ithout ood. 



On ¡nolt soils 1rva1 enetrEtion fruía tue surfoe 

tool: pI&ce Ithth c minute or s1îit1y 1oner aid aove- 

¡nnt throu'h the coli ias accorplisned vry eas±J.y. union 

rnarot placed ori loose dry soils had. d.itiieulty in uoving 

over or et:'at1n the surfac. If te iagot Bu.ceeded. 

in entering the soil through a crack they often reappeared 

after evera1 inutes. Tonty-five iedtum aced third 

in;3tar 1irvae were plaOed one-half inch 1eep in two flats 

of air-cry Labish soll In July. One hour later the larvae 

had. tunnele1 a below: 

Inches traveled. O 1 2 4 

o. ot ¡iagots il ô 7 6 u 

ienty_on larvae a2peared at the soil surface. 

In air dry Lake Labish peat of 4.1 percent moisture 

content, 40 second instar ma ots 'ere d.ead--.ehrlveled 

and brown in color--after four hours at a temperature of 

?4 to 76° F. Sixty medium aged. and. late third. instar 

larvae survived 6.5 hours under similar COflditiOLS. Four 

of kO medium aged third. instar larvae survived nine hours 

in Labish soil of 6. percent moisture content. Water 

and. an onion slice were added, but the larvae dIed 4 hours 

later. One medium aged third instar maggot of 20, ex- 

posed to 21 hours in Labish soil of 8.5 percent moisture, 

ias alive three days later. 

Onion maggots released in the center of flate of soil 



mirate3. cut'ar1s in all .ireutions, eneraìly reffia.ning 

in tlae upper three inches. xperirnents involving rnoiture 

of the soil, flfferent soil types, nU position o the 

fl&t in relation to tkio sun showed no influence on diree- 

tlon traveled by the megots. 

Onion rnagot resistnce to hih moisture In the soil 

(anion maggots ;ere found to be tolerant to solle of 

hih water content. 'ter as slowly added to six-inch 

greenhouse pots of soll containing various staçes of 

onion magots feeding on sections of oion bulbs placed 

one inch deep. As the water level ifl the pots rose, the 

magotE moved uxards keeping the posterior spircics 

above the water level until the soil surface was reached. 

To find, out that onion maggots would d.o if 'ater 

was applied to trae soil raidly, ten uedium aged third 

instar larvae were placed on the bottosi of four petri 

dishes /4 of an inch deep and 3 1/2 inches in diieter. 

'.et .nt. soil idas added up to the top of the petri dlshcs 

anJ. :ater ad.ed to excese lmn:ediately. The number of 

minutes after addition of soll and 'ater until the ap- 

pearance of the maggots at t'e surface is listed below: 

i4inutes 2 2.5 .o 4 4.5 5 10 20 

Maggots 7 7 b 5 6 2 0 5 

rfhree magots had not reached the soil surface after 2 



minutes. 

Followiïig thts exriment, 40 onion nLagots o' ali 

nstars wie ploed in i »etri 1ih and covered. ith one 

haIr Inch of water. After one ìour the maggots were re- 

iioved and. i1aced on a uoetLn of onion. Ali survived. 

The period or sub:aerenee was radua1iy increased in 

Lurther trtIs using fresh larvae. o nortalities pere 

found after three, 1o.r', five, or SIX iiurs. Foty sGoond. 

and third instar larvae lived after eIght hours under 

water. Of 82 second a: third Instar larvae under water 

for li-12 hours, ?l 2urvived. In another triai of 40 

maggots under ater for 12 hours, however, tLiere were io 

survivors 43 tiours f o11o:ing removal from the water. 

irom the results ol' the triais above It is question- 

able wietìier iieví amouxit f 

much effect in reducing onion 

soil. Only where eater stood 

of tiL.e, s in low places or 

posib1y occur. 

jreciitation would have 

maggot populations in the 

for an appreciable length 

ìeressIons, ouJ..d rnortiitIes 

)etec.iori of onions in the coil 

From otservations made in the field and greenhouse, 

onion maggots 'ere apparently unable to sense onions in 

the soil at any distance. Finding of the iiost appeared 

to be a nit or miss rocess dependent on the fLaggots 

ability to iove relatively long distances in the soil. 
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bi1e n ubstaritiatirie ta ae bained, it aeared 

from observtions of tne woveiezt of or1on aots in 

nate or soil, that the inect had a certain ja1tern 

movement by wiiieh it found tIÀe hQ2t. 

in elTort to find out oaetiin of oiiion agot 

ioveacrt in relation to oii.ons, 14-inch flats of Ent. 

soil cere set up w.th 14 one-h1f Ineh oniun cubes 1aoed. 

one Lich deep 1.n four sa&ered. rows so tiiat the distance 

bet;een the onion cubes ;zs about four menes. Thirty- 

five to fifty medium aei tiird iìtar nìagots were re- 

leased about one-hair inch deep tri tne soil at one side 

of tiie flat ('1X' in Fig. b). 

4a 110 

la 80 

50 120 

X 20 90 

60 130 

3D 100 

70 140 

Figure 8. Arrangement of onion cubes in fi5ts of soli 
to follow onion maggot dispersal. 



Lxarnination of oíuion cubes five to six hours later showed 

that onions in tise ro iiearest the point of release coi- 

tamed ttke raost niagots. 3ucceedin rots contained. de- 

creasin, nwiiers of larvae. The row fartet frou tne 

point uf releace usually co;tained one or more maots 

(Table 7). 

Table 7. iurnbers of oiion magots found at cubes 
j.. laced in four ro s four inciies aart. 

Flat Onion cube 
no. 1. 3 4 5 6 7 8 9 10 II i 13 14 

1 410 5 2 0 4 1 0 1 0 1 0 0 1 
a 9 0 2 9 0 1 1 U I 0 1 

0 7 12 6 2 2 4 4 1 .L 3 1 3 i 

Depth ol' penetration of the soll 

Inerasing eomactness with depth probably liiAts 

onion mago !.0VCiì':flt to the upper layers of soil. The 

fo1j.oin test was devised to lind out wnat the macgot 

i:ouìd do if confined to a sa11 but deep area of louse 

soil. A arie inch cube of onion was placed at the bottom 

or a box with sides 13 luches wide an 12 inches high. 

The box was then filled ;ith moist Emit. soil to the top 

and lightly compacted by jarring each corner of the box 

on the concrete floor. ThirLy-five medium aged thirui. 

instar onion ivaggots were placed 1/4 of an inch under 

the soil curl'ace. when the soil as removed 4 tìuurs 

later, the ¡ilag.;ots were found dispersed throughout all 

leveLs of the soLi. The results of three triais are 
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shon in Table Ej. 

Table B. Penetratìon of 3 cd1ur aged tiir. instar 
onion Magot larvae in iiEjhtly compacted Ent. 
S il. 

Test Depth in inches Total 
1 2 3 4 b 6 7 9 10 11 12 

i 1 5 3 2 2 3 3 3 i 4 31 
i i 2 b ' ò 4 3 1 i 3 35 

3 1 3 2 3 5 3 4 2 3 1 2 2 32 

Overwintering 

To find out whether the ()flQfl riaot overntered as 

such in tne field in Oreton, a number of onions which had 

been the center of a natural infesiation at the Entornoioy 

farm in mid October 1957 izere examined in late January 

No onion ¡nagots iere found, althouLh larvae of 

the lesser bulb fly, Eurnerus triatus (Fa1en), iere 

present in 1are number. 

In a laboratory test, 60 onion inagots including 

15 second, lb early thirds ib medium third, and. 15 yate 

third instar larvae were selected from cultures in the 

greenhouse and placFd on sectons of 1ihtly chopped onion. 

Chopping the onion ailoied the ¡agots to enter very ra- 

id1y. After a one hour feeding period, trie onions con- 

talninEj the magots were placed in 3/4 x 3 1/2 inch Letri 

dishes .:ith covers and store3. at 34 to 3O F. for 60 

days. Six lrvae survived--one erly third, two medium 

third, and three late third instar maggots. In a similar 
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croup of larvae hein at 34 to 3b° F. for 90 days, no 

s!rvivOrs were found. 

earia on dIlierent hosts 

The on1 - n maggot nas U een resorted almost e:elusiveiy 
from iernbers of the genus ALLlunì including onion, leeks, 

shallots, and ¿arlie. Sniith (3, .i8l) recorded the 

onion maggot from tul1 bulbs arid lettuce. Severin and 

Severin Ç.3b, .343) reured the onion maggot in radish and 

horse raanure. In the jresent study, eggs were iaeed on 

different hosts in the greenhouse. iaots vere reared on 

radloh, turni, iarae basai stenis of' turnip leaves, garlic 
seedlings, arid a oistened mixture uf two parts wheat 

bran to one part alfalfa meal. The larvae u:ated and 

ernered as adults ;hîch were Identified as H. ant1ua by 

R. H. Foote of the Inseot Identification Laboratory, 

U. 3. D. A., 'J.si ilagton, D. . enth of the larval stages 

1,s si4lar to that of maggots reareci in onions. It 

was not possible to rear onion maggots on corn seedlin:s, 
bean seedlings, car.'ct, or oto (Table ). 

Density aI the host aeared to be one of' the lLi.t1xig 

factors in maggot develoment. taggot penetration and 

tuneling aç;peared to be very difficult In dense tissues 
suchì as carrot and nature turni. 



Table j. antiìua eg'8 placed on durIerent hosts and. 
larvae reared to the pupal stage. 

Host No. or eg o, or pupae 
Alfalfa meal plus bran 50 130 
Bean seedlings 100 0 
Carrot 50 0 
Corn seediiìge 474 
Garlic seedlings 50 39 iotato 100 0 
9adish 150 44 
Turnip 0 
Turnip leal' stento oO 

itie iva 

The onion ;tagot uparia are usually formed in the 

soi_J_ near the onion host or withIn th kost tissues. in 
ttÁ puparia .ere generally found in the uper 
three inches of soll. Incrsed coipactness of the soil 
do:nwards is probably a liiiting factor n pupartal depta. 

In teflts where onion raa ots penetrated l inches of 

iooely compacted soil to ari onion cube, they pupated 

at that dth also. 

3tudies On ìiaause 

I?tlere are several generations of the onion maggot 

produced. each year depending on the lerith of the season. 

iOt of the adults í'ro: first :eneration pupae emerge the 

sanuie season i3, p3 ). Later on the majority of the 

pupae enter a diapause by which trie species overinters. 
In order to find out the length 01 the cold period required 
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to break pup-i d.ipause onions infected. with rnaots were 

collected Irom the field Setember 2b, 197 and placed 

in pots sitri oiJ. in tue greenhoue. A lare nunber of 

pupae were eoiieetec.i October 19 ac1 placed In a refr. er- 
£tor at 'Z7410 F. Twenty-five .ujae %ere rerncvedweekly 

and pieced on a layer of xno.stend filter paper in a 

pel1ri dish at ?1_70 F. icords siAoed that numb6rs of 

aduit- emerging, increased i1th longer per1od f cold 

storage until tiie sIxth week when &l1 adults apj;eEred 

) to 14 days after removal from storage. After the clxth 
week nearly all pupae moved to ?l-7° F. tranorrned to 

adults iithin to 14 day8 (Table 10). This as found 

In nry teets nad throughout trie study. when pupae 

were placed at 5_610 F., after six weeks in cold storage, 

the adults apj e&re in 20 to 25 days. 

Table 10. Emergence of adults from 25 pupae taken from a 
group collected October 19, 1357 and placed at 
3?-41 F. ror varying periods before removing 
to 7l-75° F. 

Storage Period of emeraence Range Adults emerged (eeks) after removal frein (days) (nuaber) 
storage (days) 

o 16-70 ó5 5 
1 8-48 41 11 
2 6-5? b 8 
3 7-29 25 18 
4 1l-5l 21 16 
5 5-11 7 20 
6 9-14 ô 25 
8 -i4 10 24 

il 10-1 4 24 

ierron, Lafrance, and 1-Judon (.3C, ,146) reported that 
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in rearing the onion maggot during tne iinter months, the 

majority of the pupae d.iCI not uridero dia.pause but enereL 

a state uí 1iht dormancy that was eaiiy broken, whetner 

or not the puparla ere exposed to 1reezin temperatures. 

They stated that temperature, humidity, and 1ihin ere 

controlled in tue rarin cages but bave no details. 

In the present Etudy cwo li:ht units cre added to 

the ereenhouse rearing set-up in inter for te beneficial 

eftet they miht h&ve on tLC rc ' th o1 the onicn plants. 

In v:inter tiie onions tended to become somewhat spindly 

with the reduced amount of natural light. Ttìe rearing 

cultures were also observed to see lI' additional light 

had any efreet on túe elliergence ol the adults from the 

puparia. 

ihe liht units ere uf the fluorescent type and each 

contained four, forty watt, w:ite laps which were four 

Lect lon. The liguts were suspended two £eul above tbe 

rearing cages and the oniu fl ron for experimentation. 

Distance between the wo units as ab3ut six feet. The 

units were controlled by a tian. switch and were in oper- 

atioui frui L A until I1, giving 14 hours of additional 

light each day. The unies were turned off at 3 I so 

that light conditions at the end of the day would be 

normal. Under this arranement, hotoperiod during each 

day was aproxizn.ately 16 hours. Trie suplemental lihtin 

was used from Cetober 25 until pri1 1. 
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jfljfl groith under tLil'. arraneierit as e1onated but 

was much more satisfactory trian roith without additional 

lihtirA). 

Tne ua1 d.iapause or dormancy entered by magots 

reared under the conditions described above ;as easily 

broken by a short period ol' lo temerature. A roup or 

75 pupae collected February 1, l5 which hd develoed 
rrom es deposited January 3, 1958 was placed at Z7-4l° 

F. tor six hours. they pere then removed and. placed ori 

a moistened filter &er in a petri disi. at 71-73° F. 

ïorty adults emerged within 19 days. In a second group 

of 75 upae wiiich did not receive 1Oj temperature tret 

nient, four emerged witnin i days. Forty days later rio 

£urtner eraerbence had occurred and many of the £ upae 

ere dead. 

Lxperiments witi pupae t 7l-7° f. were dilficult to 

conduct over periods of two to uree months as they became 

broken down and. rotten under the conditions of increased 

teiperature and. roisture. 

Emer:ence of adults from virious dcths of soll 

In April lb?, pu.aria which had. been held over. inter 

at '?_4l0 were placed under two, four, and six inches 

of firraly ';acked Lake Labieh soil in the field and sprin- 

'led with ;aer. Emergence cones placed over each grout 

of upae traeì the adults as they apered. nion flies 
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appeared 28-Z.4 clays later from all depths (Tablo 11). or 

tke loo puparia placed at each loctlon, four ;ere flou- 

vlabe at the t:o inch level, four at (cur, and five at 
sIx inches. 

T.ble il. Eerence of onion flies trou4 jucrIa at dit- 
ferent deLtrs of Lake Lab!ck soli. 

Da Depth (inches) 
4 6 

Ç,f 2 
_i 

£ r 

2i 7 'i b 
30 12 II 
31 41 55 45 
'7e 1 C- 

33 b o 6 
34 4 5 

ffect of different soiJ. ori size of ouriurn 

';hen onion inagot larvae were reared in Ilats of 

onion seedlins in Hort. soll, fewer seedlings 'ere dam- 

aged and the size ot the puparia suas smaller than those 

formed by onion maots feeding on onion se dilns In Lake 

Labish soil. iwenty-five puparla selected at random from 

each 01 the t'o soils bave tue rollo;ing measurements in 

Table l. Jiterexioes ol 1ent1t ad width bet;eeu tue 

two ros of upae were highly sinlfieant at the 0.01 

level. 

It was felt that the difficulty of larval tunnelina 
in the more coapact Hort. soli caused the maggots to feed 

less and to pupate sooner than maj:;ote in the Labish soil, 
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thus accounting for the small puparia. 

Table 12. Effect of different soils on the size of tne 
puparia of H. antiq.ua. 

Soil Length Mean idth Mean 
(rance-mm.) (rain.) (raxe-mm.) (min.) 

Hort. .8-ö.b 5.2±0,24 1.7-2.0 1.±0.O8 
Lake 

Labish 5.7-6.5 6.±0.0 2.0-.b 2.3±0.10 

The Adult 

Emer;enee from the puparium 

a1e onion flies usually preceeded the feLaales by one 

to three days in emergence from the puparia in the green- 

house. After emergence trie adults moved about actively 

but did not fly until the wings became extended and hard- 

ened. This took up to 50 minutes with adults observed 

iii lamp chimney cages. Mortality curves showed a hih 

iflitial death rate one to í'ive days following appearance 

of both males and females. Mortality dropped, then in- 

creased, to peak at 25 days for the males and 35 days for 

the females (Fig. 9). 

HabiLe 

Onion riles were very scarce in the onion fields on 
hot days and. could usually be found in nearby weeds or 

other heavy growth. Occasionally adults would be found 

in dense clumps of large onions. In the early morning 
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Adulta (percent) 
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Figure 9. Mortality of Hylemya antigua adulte 
following emergence from the puparia. 
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arid. late &íteroon and. o cool ciay, the insects were juite 

numerous in the field. At1tt were readtly ca-turea by 

iivert1i a 5/8 by inch rmu1s3 test tube and iaing it 
over them very slowly. As the insect rle ujwards the 

oj:ening was closed with a finder. 

The riti.iing of large numbers ot adults In weeds arid 

other proteet±ve tibitats durIng the hot part 01' the day 

Indicates that good control may be obtaIned by srayiiìg 

or dusting tnese areas rather than aplying control mea- 

sures only to the onion Í'ield. 5wecig o1 weed patches 

iiay also give a better estImate o1 insect populatioïs to 

growers in ttxe Lake Labish area who rely on 11nd1i adults 

in the fie'd ror initiation or control efforts. 

Oviosition 

Onion maggot eggs in the greenhouse and in the field.. 

were nearly always deposited next to the onion lant at a 

de th of l/d. to 1/4 inch. If oraeP:s in the soll near the 

onion were wide enough, the fe:ale would enter to oviposit. 

During a wet perioì in October, eggs were placed on the 

leaves and in the leaf axils of large onions growing at 

the Entonology farm. Very few eg,s were found on the 

sLlaller onions apparently because of the few numbers of 

leaves and the tight axils. 
Ham-iond l3, p.3) reported that onion macgot eggs 

were usually deposited in the soil but on days im;iedIately 
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after c hcavy rain, 95 ercent of tite :cre 1id. on the 

1oiie of the onon p1ar:t. Doanc (, r..4c3-'3) stted 

tkiat 1iCOflifl j- 1:51 cool weather revai1cd end. 

onion maggot egs :ere 1&d on the :iants rather thri Li 

the more usual. location t or below the soil level. 

;iles C6, jrø584) found th.t f; j. antiqua egs :ere laid 

1í the soli, rnot being d.epoited on the pint. Tith 

.l82) reported that onion rnagot eggß ere laid. on 

the iaf sheaths or in the axils of onins, oocsional3.y 

in oracTs in the soil. 

Soil oisture 

In ordcr to olr1fy the problem of ovIposition on 

the pl&nt or in tae soli, several experiments were conduct- 

ed greenhouse to study the errect of moisture as influ- 

encing egg deposition.. rions ere gro.n in rour-inch 

i_ots frm sets i'hick produced plants with . number of 

lre leaves with open e.xils. Ttire levels of soli moIst- 

ure ;ere selected for exErnination of oviposition preference 

--et, damp, r.y. et pots ere watered to excess 

and then placed in pans or water so that a firn of water 

covered tkie soil surface throuhout the test. Damp pote 

contaiiec1 soll molture suit.bie for good plant groth. 

Dry soil ha been without ..ter for several days. Onions 

in the ltter pots 'ere usually beginning to idit. size, 

number, and spacing of plants in the pots of oach 
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Table Li'. Numbers of eg;s deposited by L. antigua in wet, 
damp, and. dry soils. 

Oi1 Egs in ill X1l Total 
moisture SOil Of leaves eggs 

let 411 6l 
Dry 893 0 a;3 

Y6 1$ 
Damp 763 10 773 
Dry 749 0 74: 

In the Let pots females bere observed to hold on to 

the onion just above the ater level and. thrust the eg s 

between the stem and the soil. any eggs were deposited 
about projections above the i;eter film such as small ciodE 

or rocks. Onion zxiagot egs pïac&.d under water in salve 

tins hatched but those placed in leaf axils did not unless 
the lants ere sprayed daily with a fine mist oi water. 

ioii t.y1-;; 

Dustari (7, ;:.2'?) using diterent amounts of humus 

and saìd found that H. ¿.ntiQua females prefered a 50-50 

mixture for oviposition. Pure humus was chosen over pure 
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cnd, and. aci1 sci1 over alkaline soils. Five triaij 
replicated. to 5 tines were jerformcci in the present 

stuciy to exuraIne the oviposition preierenee of oiiorL mag- 

got ferles beteen ceedìing ron In Lake LabIth. Hort., 

nd int. '0112. Seedling number and. paeing, and ¡3011 

moisture ani texture :erc selected to be as irriilar as 

pos2it.Le in each trial. A total or Ub8 eg 'ere deposited 

in Lake Labish soil, 812 eggs in Hort. soli, nd 779 eggs 

in :nt. coil (Ta1e 14). 

labie 14. Number of eggs des1ted by fl. antiçua among 
onion secd1lng ;ron in different soi1. 
Lake Labish Soil Hort. Eoii Eflt. 3o11 

Irial No. of eggs No. of eggs Nu. 01 eggs 

eTh,2 
._lV 

ÇT7 

222 186 
4 1? 174 
5 949 Z'i4 

Total 858 812 779 

Oviposition on different hosts 

Onion maggot larvae have been found on a ziumber of 

hosts and have been reared on several others (page 39) but 

no references ere found in tbe literature concernIng 

OVipOSitiOfl on different hosts. Various kinds of piante 

were gron In the greenhouse in four-inch pots and placed 

together in cages with onio flies. Several days later 
they vere reidoved and ex&mined for eggs. Results are 
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given Ir TGhi e 15. 

ib1e i. Oviposition by J. anti.ua on various hosts. 

xperiiaent I 

i-iOSL i-ieirAt tae o. jJits s 

---_________ 
(inches) per uo. ) () 

Ùn j on 
4 ..... C .4(' r1-. L. 

r- 
() LO 

Cnìon cube 1/2 4 71 
Corn , - 2C 1.6 
Onion 2 10 15 
Earì 6 2 1ea B 
Carrot 2 2 25 4 
kd1L 2 4 ' 20 3 1.5 
Beet, rd i 1/2 2 " 14 3 1.5 
Uariic 4 ib O 
IurniL ; 'i 

l 40 0 

Lxleriinent lI 

:i.ht tao nc.. p1.nt3 Ee gs 
inches) per pot (No.) () 

Onion cube 1/ 4 1ö. 32.6 
Onion 
(iLOffl se1 B 9 iu .51.2 

C o rn 
8 

2 r: 
j 14; e 6 

Onion 4 10 43 U.S 
Raiisli 4 4 lear 26 01 6.4 
Gar1i 7 lo 15 3.1 
cau 10 4 " 3 1 2.1 

Beet, red. 2 4 l 14 6 1.2 
Carrot 3 4 ' 25 0 

Turni; 4 4 I 4Q O 

xLeriwnt III 

bet Fiìt 
( inches) 

State io. 1ants 
per pot 

Es 
(io. ) 

Fggs 
(;) 

Onion 5-6 12 45 52.3 
Onion 1-3 28 1137 24.3 
Corn S 6 914 1.b 
.RLdiSh 3 4 leaf 20 104 2.2 
Turnip 3 4 'I 31 6? 1.4 

3wif3e Chard 2 6 11 0.2 
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Experiment III was performed six tidies while numbers 
I and II were trieu. once. Four similar triais Of I and II 
gave like results. It was interesting to note tne large 

numbers of egs deosited on corn seedlings in all experi- 
rnents. Tne egs hatched but no apparent 

feodine was done 

by tne larvae. 

Flies tended to congregate in pots wiere se.dlin 

growth was most dense such as turnip and radish, hoiever, 

couparatively few egc were found there. Onion cubes 

were very attractive to adults when freshly cut but not 

iany egs were detosited. cvipositon was heaviest from 

the second to the fifth ays after wiicki the cube became 

uite dry. 

(ìvipostion in the absence of onions 

Females containing fully formed egFs cari be found in 

the spring, before tne ssedli.ig onins are up, resting on 

stakes and clods in ttie field. several experiments were 

performed to learn whether the £males would deposit eg,s 
in soil in the absence of onionc and if they could detect 

oni.ns below the soil suriace. Four inch pots were set 

up ith Lake Labish soil in which onions had been grown 

for years but :hich contained no visible onion residues. 

All treatments witn the exeer.tion of o. 5 were watered 

and placed in the rearin cages for oviposition. The 

results of si; triais after three days gave the following; 



No. Treatment Eggs (No.) 

1. Soil only. O 

. Onion seod placed on soll surIce. O 

3. Three 4 x 5/8 inch wooden ot labels 
placed vertically one inch deep and 
arranE:ed in a broken trianle--® O 

d. Onion seed planted 1/2 inch deep. 

5. :oistened soil &ith 1 drops of 
onion juice Ldd.ed over the surf&ce. 231 

. Dry onion remains placed 1/2 inch deep. 28? 

when three trials, replicated two times, of treatments 

1 to 4 above were placed in tae rearing cage fo r three 

da's, no egs were deposited in any of the pots. Numerous 

eggs (200+) were deposited on onion sedlin0:s p1acd In 

the caLe for to days before and after the trials. 
In the sring many growers take tue onion debris-- 

scales of bulbs, leaves, root, etc. from the onion storage 

barns and plow lt under in tne onion fields. To find out 

whether onion maggots trou egs laid. in this debris could 

survive and transfer to the onion seedlings after plant- 

ins, the following experiAaent as performed in the green- 

house. 

Four treatîeìts, replicated six times, were set u 

in four-inch greenhouse pote usi Lake Labish muck soil. 

The onion debris used consisted, mainly, of the dry, thin, 

brown, outer leaf scales fro onion bulbs plus some dry 

roots aìd leaves. The treatments are listed below: 
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1. Onion debris, one part by volume, mixed thor- 

oughly iith 10 parts of soil. 

Onion debris, one part by volume, mixed thor- 

cugi1ly with IO parts of soil plus an onion bulo, 

one inch in diameter, placed three inches dee... 

. Onion debris placed in & 1 1/2 inch thick layer, 

1/2 cf an inch below cican soil, to represent 

SLJ&lJ. m6sses of trash hich might be found in the 

field after being plowed under. 

4. Soil without any visible onion residues. 

After all . ots were filled, each s watered well. 

Two days later the pots were watered 1i.gtly and 20 

ii. antiqua egs plus 10-lb onion seeds were added to four 

re± licatee o1 each treatment. un the next day, 25 

E antiva eggs only were added to the remaining two rep- 
licates cl each treatment. The eggs were laced 1/-1/4 

inch under the soil surface while tue onion seeds vere 

planted about 1/2 inch deer . The pots were watered every 

SCCOfl(i day following the addition of egs. ;.t tAi.e end 

of iine days tiie onin seedlings had grown about 1/4 inch 

above the soil surf-ce and the leaves from the oni:;n bulbs 

were one inch above the soil surface. Fourte;n days after 

addition ol' eps the cntents of the LOtS were examined. 

Table 16 shows the number of magots found in each pot. 

Iinding of onion magoto n soil mixed with debris 
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as cllificuit because of the tick1ng toether of the onion 

scales anJ some ¡nagots .ay h&ve be.n overlooked. All of 

the larvae here In the tiuirà instar and most of them 

measured about l'ive ì.. lon. agots in treatments 

containing an onion bulb ere usually found teedirì in the 

b&s&l ortion oi the bulb. several of the maots fecIing 

in bulbs ranbed froci ilve uj.. to eiht . ion. :gots 

in the treatments 1flVOiVifl Soil iithout onion debris, 

but wIth OkiiOfl seeds, fed on trie onion seedlins and were 

fro 2-3 mm. ions. 

agots in treatr.ents containing onion debris fed 

and tunneled in tue aebris. llhere the onion trash 

placed in the pots in a i i/2 inch layer, the ujper scales 

kept the water from penetrating the mess ;ith the result 

that only the portion next to the sides of the ot as 

moist. This moiEt area was here tiie nìaots pere Í'ourid. 

Nearly all of the seedliags in each treatment .ere 

damaaed by the larvae. ..any o trc 8prouts were consumed 

as fast as they develoied from the seed. 

From the rsults o' the preceedin experiments it 

apears possible for onion maotc to be present In the 

soil before the onion secI is planted. Insecticidal 
controls aainst the r.dult must therefore 1e carried out 

in advance of j. 
antìri, pending on the presence of the 

adults and suitable materials in the soil for oviposition 

and survival of the raa&;ots. Insecticidal seed treatments 
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or tretmens in tite soil to protect the cve1oii seed- 
liri:s aer to h&ve an irriportant jlace in ouuion mag;ot 

cntro1 under these conditions. Fosibly he sLplest 

method. or eli .intixig this problem is trie disposal or 

onion debris by sosie other uiearu. 

Table lo. Number of onion majots found after 14 days 
in 1ots f soil ith and ithout onion debris. 

Treatment umber of onion magotc 
1 2 4 Total 

Lith onion soeds 

union debri 15 4 l 20 80 
i to 10 

Debris, i to 10 17 (5 16 19 77 
plus OfliOfl bulb 

bebris in i 1/2 16 2± 19 ib 74 
neh layer 

Soil ithout 12 16 4 41 
onion debris 

Ijithout onion seeds 

Onion debris 17 20 - - 37 
î to lb 

DebrLs, i to lu ì 1 - - 4U 
1us onion bulb 

Debris in i 1/ l. 1 - - M 
inct l&yer 

Soil ihout O O - - O 
onion debris 

' From 25 H. ntiu eggs ,1aeed in each pot. 
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Oviposition on sed.11rigs of dIfferent sie 

o onion sediìns of diierexxt size were placed 

in he rearing cae for five days to examine their rela- 
t;ive atretivenees to ovipcsiting onion flies. l'ach 

experiment :a perforaed separately and consisted of to 
ditercrìt B11e5 f $eins, ea'.ri replicated three ties. 

In all three experiìnts he h1hsst nwiiber of egs 'das 

deposited In tixe pots containIng the largest onion seed- 

ii.ngs J?able i?). 

Lable 17. Oviosit1orì preference of' H. antlj.ua bet':;een 
onion see1line of' ìiffexent heiht. 

Experinient I 
Onion seedlings /8-/4 Inch hIh 22 eggs 

inches hlh 74 

perih1ent Il 

Onion se:dline 1 inch íiih 112 eggs 
H H incnes iìlgh 307 u 

Experiuien III 

(nion seedlIngs 2 inches high 215 eggs 
*1 fi b It H 537 H 

Ovipocir.ion o1 preinfested onions 

In the field, onion flies were observed to select 

preinfested onions for oviposition in preference to healthy 

plants. This was also reported by 1eesman nd Gui (37, 

p.s?). Kendall (18, p .83) found that 96.6 percent of' the 

onions oviposited upon by onion 111es of the second brood 
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vcre çrinfcted (6 p1ant out of 71?. 
In orïcn plots ct tk;e Entorio1oy firm & grouo cf 92 

k1(a1th3r seedUinL's, 1/8-3/8 inch diameter t the oi1 level, 
;erc- rtifîeia1ly infested with one tc three thi.rd lnc:;tar 

LiaLot;s. FIve c1y lter percent cÍ tLe 1ans had 

O8 dei.;ceted about them. of 2C0 uninfeted eedlin 
in the flnedi.(te v..ci.n1ty JL were uvpcs1tecI upon. In 

anokier experimcnt., 24 eedlIng, 1/8-3/8 inch aiaieter, 

i:erc infeted with one ccond. tntar lr'rva per plant. 
Egg counte rncde il days lstcr $hoei that al1 24 plants 

had egt-c Dlaceci. about them totaliiw 280 Of 72 

healthy cnion examined in the adjacent arec. there ae 

a total of 2 eg found about the base of seren plants. 

Eggs taken from both trials and reared to third instar 

rìagots cre L. 

In general, tie only other egs cneountered about 

onions were . '1' the les or bulb fly. These were usually 

found ltcr th the season near lOErge onions. The bulb 

fly egg is abut one-half th stze of the onion maggot 

egg and tapers more at tnø ostorior end. 

The attraction of infested onions to ovioating 
onion flies .¶ not 1motm. (dr may be a factor. The 

I!iechaniorn is, perhaps, an advazltageou3 one. Infested 

onions bcooiiie broken down and water soaced impartIng a 

dampnes to the surrounding soil for ari eighth of an inch 

or more depending on the sizo of the onion. Chances for 



larval eutergcrlee and. survIval In this area are much 'reater 
than in dry soii. 

Life Cycle 

L.e life cycic of h. ntiva has been determined a 

nuiber of tiiies fror various Aarte of the world audi wac 

fcund to be siilar in ali reports. DiLerences are 

probably caused. by envlronmcntal factors i:hich are ner- 
ally not listed. The foiiovin lire cycle uas developed 

trori rearing the onion maggot in the greenhouse under 

öonditioas described on page 11 and corresponde with tus- 

tories described in the literature by a nuriiber of authors 

Including Doane (ô, p.25-54), Eyer (t3, p.4-9), Smith 

(, .l?B-lBl) and Tozloskl 41, .li-34) (Table 18). 

Table 18. Life cycle of E. artiva under greenhouse 
eonditios In Crec:.. 

Precvlposition period. 10-25 dayt 
Duration of oviposition period 24-6? " 

IIatchin of eggs 2-3 ' 

Duration or first instar larvae 2-3 " 

Duration of second instar larvae 4-6 " 

Duration of third instar larvae 9-14 " 

Total Duration of larval stages 15-23 " 

Pupal period-spring -l4 ' 

Fupal per1od-:inter overwinter 
Male lenth of life (max.) 60-70 days 
Female length oflife(max.) 6O?1 " 

Adult emergence 

ic1uit tuierence in the field occurs over a period 

of tour to nine eeks in he srin. Eyer (3, p.4) from 
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1918 to 1920 in Pennsy1vna touud flies emerging from 

ay 4 to June O, May 2 to July 1, 2iay i to June 6, and 

Ak) ru 29 to June 30 reEpectiveJ.y. In 195, ¿t the Creon 

State College Entomology Írrn, adults emerged. from April 

11 to June 16. Infested onions hsd been placed in the soil 

in the fall of 1954. An 1uminum cone 2 1/2 feet in 

diameter by 2 1/2 feet high pisoed over the area April 6 

traped the adults a they emerged. 

The long period over which onion maggot flies appear 

results in considerable overlapping of generations. Most 

authors have reported two to three generations per year 

based on eaks of adult coiectîons in the field. ll 

stages o j.. uitiu have been found at the Entomology 

farm as late as Novembe' 1, 157. 

Natural Enemies 

The oaly paracite found attacking the onion c1agrot 

in Crego1 was tue braconid., Aharet auripe (y'ov. 

determined by C. R. W. i4uesebeok or the T nsect Iclentifi- 

cation Laboratory, U. S. D. A., ashington, D. C. It 
as obtained in collections of maggots from both eastern 

alAd esterii oregon. A number of pupae sent by Mr. J. P 

Ier.on of !t. Jea:, uehec also contRiried this p&rt8ite. 

Members of thC genus hve been reported as parasitizing 

onion maggot larvae troi BritiRh Columbia (9, p.460), 

Ohio (.3?) p.3B), Pensyivania (:, p.l0), England 



i 

p.162), &rd Holland 
' s 

It w& upected that the 1eser bulb fly, Tiumerus 

ctri&tu ( Fallen) , c!iued some predation of onion mggcts 

in the field. Onions could be found witL. 1rge numbers 

of bulb flies present but f7 or no onIon maggots. Other 

Infested onions contained only H. ntiva. To exanilne 

this poesibility, varlouc staes of the t''o species were 

counted and1 placed. in pots together wIth a sect10 of 

onion. Six trials included 20 magots r eEeh species 

. 
hi.1e one trial consisted of 20 onion magct i&rve nd 

100 bulb fly larvae. After several days to two eeVs the 

Insects were reirtoved rd counted. No predaticr' va v1- 

dent by either species. 

The speciniens of Eu.nierus stri&&tus (F11en) were 

identiflc'. by W. W. Virth of the Insect Identificstion 

L&bortory, i. 5. 0. A., Washington, D. 

O;ION MAOT RESISTANCE TO LSECTICIDs 

In reoet years control of the onion maggot In sore 

&reas has shifted. to the use of seed tretments. Onion 

seeds are coated with v&rious insecticides uswally in 

coiiibination with a fungicide. aggots in tunre1ing to 

the hee ol' the onion eeel.ings contot the insecticide 

and are killed. 

A number of insectic1ds applied e seed treatments 

have iven good control cf or.ion magots. 3ome of them 
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orked e11 in certain ras but not in others. one cf 

these ws heptachior. In a cooperative exer.r;eut using 

1dnticai methods arid teri lt ave good control Inì 

?rtlsh Columbia nd Iho but joor control in Crecn and. 

athlngton (5, rept&chior I closely reThted. to 

chiorciane which fal1e as a maggQt control In Qreon in 

1Y53 (4, :-'.3). Ae Insect resletanoe to organIc Inseeti- 

cides ha been reported In numerous papers (1, p.OJ-122) 

in recent years, It ;as deolded to exanlne several 3trains 

of . antigua, for reslstnce to hetachior. 

Onion maggots from thre areas were collected for 

testiny. All three stralts vere reì.red through one ¿erier- 

ation in the grenhouse to increase tle numbers of insects. 

Maggots were from the Portland, Oregon area ;here heta- 

chlor gave poor contrcl; Cnario, t regon where little 

cortrol was directed at the incect until i.5? when it 

becace F erlous roblcrn; and 3t. Jean, uebeo where there 

vias lit . e itt5.culty in oontrolii.rig the lrteot. In the 

OntarIo ret, onionn are rotated in 1ottto lnd. thicti ¿ire 

treated pith coli lnsecticdes to ccntro] wireworxna wicl 

flea beeti. Onion maots rirny have been exosed to 

certalr chcrnicaln persisting in the soli í'ron year to 

:v e e r. 

Onion sed treated lth heptachior, 50 percent 

wettable po'der, .t the rate of 1/2 ounce actt.ial toxicant 

per pound of seed jlixe tiran, 75 .ercent wettable çowder, 
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at two cuneeí actui pr pound :f reed. Untrated ei 

corpried. . 
cheor . The eed. iere ;lanted orte Inch deep 

i_fl four-inch ût of La1Eth so5l in ruch numbers that 

each 1Ot cor:teine 5-4O 1ntg. When the 11 'were 

4-8 inches high, a cirì1e I. antigua ,'as ded to 

eEC1 ot riet to an onion and aLout 1/4 inch beio'w the 

oi1 urr.c.. The coil in ecth jot tr 1ept moict through- 

ot the tt for good. rtiot development. FvEry thrce 

d&rc the cricr eediins pere exne for 

To tral in hich eg of each of the three strains 

were placed in 10 treated. and. 10 check pote of seediing 

ftho'wed. that the uebec rnagotc were very cuccer;tlble to 

hetchlor treated. seed. Only one seedling of 20 potc 

lçj&S damaged. (Tzb1e 19). Preliminary tests of fuebec eggs 

placed on onion seed.1ins grown froui heptachior treated 

seed. in flats had given cimilr reu1te. One hundred aud 

twenty egs placed on the eeedlngs produced no damage. 

fcult betvie.n Portlnd and. Ontario rac.gote iere not 

clear cut au.d experimentf with the tro strai..n pere con- 

tinue. Eaa' o' each strain i'ere J.aced in four grous 

of 10 of treated. seedlings and. 10 pots of unreated 

onion:. The Otnrio traìn apïEred to be nore uceptible 

to hetehlor than rnagot from the Portland. area but 

still exiiibited resietance (Table 20). 

In an experiment where seoond instar larvae were 

ad.aed to pots of treated seed.lings, resuitc were similar 
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to those involving onion maggot eggs. The Portland strain 

was 4uite re1stant, OntarIo maggots less resistant, and 

the uebee strain very suceptihle to heptacthlor at the 

dosage used. (Table 21). 

Table 19. Damage jrod.ueed by aòL1ng eggs oI d.irferent 
strains of H. antlL,ua to onIon sec1iis grown 
Írom heçtaohlor Created. seed.. 

Trial Re1. Numbersof seed.i1gs dstroyed. 
Portland Ontario ebec 
strain strain strain 

treated. ok. treated. ok. treated ek. 

I 

1 1 21 0 11 0 
2 14 20 0 il O 1? 

13 0 0 0 0 23 
4 8 20 2]. 17 0 14 
b 0 20 0 19 0 16 
6 

7 17 0 0 0 
7 o O 0 32 0 27 
8 25 0 0 0 32 
9 11 IC) 0 1? 0 20 

10 ö 14 0 15 0 0 

Total 64 157 11 122 0 175 

TT 

i o 17 0 1 O O 
2 0 18 0 15 0 14 
z u - y I_ y O 18 
4 0 26 0 22 1 lO 
b 1? 0 C) O O 23 
6 16 21 20 22 0 15 
7 0 21 18 22 0 16 
8 15 24 0 21 0 2 

9 3 23 20 24 0 1? 
10 C) 21 0 0 0 0 

lotal 6' 171 58 162 1 115 
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Table 20. :Darnge produced by adding eggs or dirrerent 
strains or L. ntiqu to onIon seedlings grotn 
froni heptachior treated seed. 

Portland strain Numbers or seedlings destroyed 
Hepi. Blocks Cheek 

I II III IV 
i 
.4. 

i i.z 
.4... 

i 
.A. .4. 

2 2 0 0 16 20 
3 2 0 19 28 0 
it 
- .4. - .4. S.. 

C) 
Ad Ad J. 

5 1 14 15 3 21 
6 0 0 0 17 20 
7 17 12 13 15 0 
8 15 16 22 1 18 
9 16 12 1 8 20 

10 18 11 1 0 18 
Total 84 90 73 93 160 

Ontario strain Numbers of seedlings destroyed 
Repi. Blocks Check 

I II III IV 
1 2 0 8 3 23 
2 18 0 23 0 20 
3 0 3 1 0 22 
4 1 0 0 14 18 
5 35 3 0 1? 22 
6 16 0 1 0 21 
7 0 21 0 0 24 
8 1 1? 0 14 0 

24 13 19 3 22 
10 20 0 0 0 19 

Total II? 57 52 51 191 
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Table 21. Onion damage roc1uced by adding second instar 
.. 1ticja to nt s grcn frcm htachior 
treated seed. 

Nwnbers ol see11ins destroyed - 
Replicte ort1and Ontario Ontario cuebec 

1 11 2 
2 12 2 1 

10 0 II O 
4 21 0 0 
b 14 1 2 0 
6 12 13 7 1 
7 11 6 1 0 
8 14 17 7 1 
9 19 2 7 1 

10 14 0 0 
TotJ. 138 51 36 4 

To trials were made to examine the resistance ol' 

young and amediuir aaed third instar larvae to heptachior 

treated seed. Ihe Ontario strain selected for testing 
as it had shown an interiediate resistance bet;een the 
Portland and uebeo sirains in previous experihtents. he 

larvae vere added, one jer jot, shortly alter the seedlings 
emerged froi the soil. Siie p1ans ere still in tne 

lo stage. Tuis as the earliest tiiat maggots or egs 
had been tested aí'ter planting o seed. 

Young third instar iarvae were found to be very 

suseetib1e to the insecticide. ì4ediurn a ' ed third instar 

larvae ìere f&irly resistaat but did not destroy as many 

seedlings as sii1ar staes in the untreated check (Table 

2). Furtìer experiments gave sill&.r results. It apears 

from this data that onion maggots not killed by the 



6? 

inseeticiLe in the erly staes oui3 cause con der&ble 

darae in onion atin. 
Table '. Lne producci by young and nedwi aeU third intr H. antiva, Ontario strain, to onion 

seedlin.s aron rrom heptachior treated se 
Number of seedlings destroyed 

Triai I Triì II 
Re»... i'k (eneck) 

i 7 0 13 
Q 7 3 L 15 

3 2 ii 3 ii U 
4 0 5 1 II 18 
b 1 3 3 20 
6 0 13 0 10 17 
r, f..g_%J i 

3 2 18 2 11 16 
4 10 0 12 

10 0 12 2 8 12 

Total 14 99 12 107 156 

- Young third instar larva 
- Medium aed third instar larva 

Judging froì the results of the experiments, Ontario 

mag.:ots vere 2ore susceptible to heptachior-treated sc-ed 

when they bere exposed earlier after ilanting. This may 

have indicated that the insecticide as iia.shed from the 

sed in ;atoring the pots aproximateiy every three days 

or tiiat pith older seedlings there uas a larder stem 

area which was not protected by tue treated seed. coat. 

Further exteriients alonL' these lines were not carried 

out. 

The data from the trials usina heptach?or-treated 

onion secd, indicate that onion magguts from the three 
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,res tested possess varying degrees of resistanoe to the 

insecticide. :o atteLnt :s made tc dtcrriine the de;ree 
of resistance txhihted by e&OLt etrirL ol nagots nur 

as their resisti nce to other insecticides tested. 
1ke differences in sucotibiliy to hetachlor 

round in H. .ntiva indiecte that resieta.nce to various 
iiUiìEi is probably ieveloin. owe 01 the cuiui 
diffiities being experieLced in the field at present 
iay be due to tiic factor. 

THE ONION iJGGOT MW WEATHER RECORDS 

A number of authors have reported that heavy onion 
aiagot infestations occurred durin wet years--Croweli 

(4, p.4), Done ;j3, ..l), Gray (12, p.36), hcLeod. (23, 

p.6l), Peterson and oetzel (32, p.8ö2) and others. 

From these reorts and fro; the data obtained in the 

present study on moisture requirenerits for onion maggot 
emergence from tue eg and. survival 23), it apiared 
that nigh 

,. 
opulations might be related to precipitation 

durin the onion growing season. 

In an errort to find out ;hether raagot damage could 

be anticipatel through :eather rei:orts, a coruarison ì;as 

made of 20 records, taken troia the litereture, of heavy 

infestations and climatologleal data. The amount of 

aioisture and departure from normai 1ias exrnined for the 

year of infestation and the two years which preceeded it. 



Dat8 ia3 tabuited for the monthc of ìay through Auuet, 

ith1eh jrio1 cover the iI:i onion rc:ing soiTab1c 

:othing d.efinite cu1d be establiched. hI1e the 

¡tjiUy of iflfesttion8 oocurreì d.urin wet seasons, 

sorne also oecnred during dry seasons. The eritical 

aiosiur perioa, iiowever, ay ì.e a very kwrt oue 

the ovi'. osition period. Increased moisture or one or 

two i:eeks durin tne ealc oi eg production uiay be enough 

to favor the development or a high pouu1atio. It will 

be noticed of rec.ored he&vy L.festations during d.ry 

years, teiere were several areas with months of apreeiable 

jxiítii; R&ine, isotsiLA--Juid l:í.;?, June i; 
Kenton, Ohio--June 128; and Aiithefst, assachusetts-- 

ay, June, July, Aua. 1z.bl. An examination oí weather 

records for these dates showed that raiifall of 0.1 inch 

or more per CLay occurred over ari average number of 14 

days. At Lake Labish, Oregon in ay triere were 

eight riys i1tn rainrail o u.l inch or more but. measur- 

able amounts of precipitation occurred on i? days. 

hile it aj»ears from these fmndins that heavy onion 

maggot infestations and wet weather are correlated, accu- 

rate records of moisture durin; the oviosition period, 

numbers of eggs laid during the oviosition .eriod, and 

deree of infestation over a number of years are needed 

for substantiation. 
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It is the opinion ol t1le author that tae very heavy 

lfltestatloiTie oi the onion magot i:hieh occur at intervals 
in various arts o1 tue country are due larely to weather 

(moisture) and other environrental laotore i:h1cn, in tie 

right coinbmnation, are h1nly favorable for the develop- 

aient or enormous numbers oÍ' the inseot. Foulation res- 

sures become so great that ail control methods rail. The 

development or new erìective controls a year or more 

later may in actuality be a return or environmental con- 

ditions which are not f.vorabie to ire opulation. 



Table 2. ioisture nata ftr years or rejorted heavy onion maot infestations and for arie t;o_years :ti1OkÀ receeded them. 
Locality ï4ay June July August Total 

Jmherst, Nass. l94 i.?d +1.01 0.72 -3.02 3.41 -0.84 3.64 -0.5? -3,42 
1950 .7? -0.98 3.65 -0.09 2.83 -1.42 2.93 -1.28 -3.?? 
1bl 2.96 -0.79 3.05 -0.6 4.15 -0.10 3.56 -0.bb -2.23 
1b2* 4.00 +0.25 4.9? +l.2 4.99 +0.74 3.98 -u.26 +1.99 

East Lansing, hich. 

Kenton, Ohio 

4ySS&, Ore. 

I-ortland, ere. 

Fuyallup, nSh. 

1954 
1955 
1156* 
1957* 

1926 
1927 
l928" 

1955 
1956 
1957* 

1952 
153 
1954* 

lobi 
19o2 
1953* 

l54 

1.53 -2.22 
5.60 +1.85 

.1? +1.42 

2.26 -1.38 
5.96 +2.17 
1.64 -2.15 

0.51 -0.43 
1.59 +0.65 
3.79 +'.8b 

0.78 0.8 
3.45 +1.69 
I.8o +0.07 

0.56 -1.05 
1.28 -0.93 
2.65 +0.44 
2.26 +0.05 

3.81 0.44 
1.80 -1.57 
2.88 -0.49 

2.54 -1.54 
3.17 -0.94 
7.31 +3.20 

0.76 -0.21 
0.52 -0.45 
0.30 -0.67 

1.23 #0.51 
.04 +0.32 

;3.bb +1.80 

2.48 +1.36 
1.15 -0.48 
2.52 +0.91 
2.50 +0.89 

3.99 .1.71 
2.69 0.41 
7.55 5.2? 

4.8? +1.31 
5.52 +1.96 
3.64 +0.08 

0.0 +0.08 
o -0.12 
0.02 -0.10 

i. -0.42 
0.03 -3.39 
1.24 0,82 

..1- 3 -0.26 
At' \ 7R 'j.O 

0.41 -0.38 
1.16 +0.3? 

4.08 +1.40 
3.20 +u.52 
1.29 -1.3o 

4.89 .2.04 
2.35 -0.53 
1.23 -1.65 

T -0.30 
0.46 +0.16 
0.03 -0.2? 

0.18 -0.4 
1.79 +1.18 
1.92 +1.31 

0,07 -0.42 
0.38 -0.46 
1.72 +0.89 
l..)', . 

+1.33 
+1.21 
+4.81 

+0.43 
+ 2.68 
-0.52 

-0.86 
Q.24 

+1.81 

-1.32 
+ 2.80 
+4.00 

-0.36 
-2.17 
+ i .86 
+2.40 



Table 23. Moisture data ror years of reported heavy onion macgot infestations and 
for the o years which preceeded them (cont.). 

Locality i4ay June July August Total 
Racine, isc. ll3 - - - - - 

lil4 '.96 +3.91 5.26 +2.43 1.41 -l.93 0.88 +2.19 +2.22 
l9l 8.35 +ó.O 3.13 +0.31 Z5.40 +0.06 1.62 -l.4b +4.22 
lii2b 2.04 -1.bl .2l +O.l3 5.? +2.? l.37 -1.35 -u.44 
126 3.35 -0.22 Zi.,5 +0.2? 3.25 +Q.l3 l.l -0.81 -0.63 1;27F 3.92 +0.37 1.41 -1.6? 4.13 *1.03 0.b4 -2.l -2.46 
1928 2.20 -1.3e 6.'?6 +3.68 2.b8 -0.b2 3.19 +0.4? f2.2d 
l929* 3.Ob -0.0 4.;35 +1.87 0.75 2.35 l.3ï -1.33 -2.31 
194i 1.76 -1.70 - 4.62 #1.73 0.74 -2.b - 

:L5o 1.36 -2.10 5.83 +2.66 7.41 f-4.ô2 2.92 -0.08 +5.00 
1951e 4.46 +1.00 4.44 +1.2? 2,47 -0.42 3.72 +0.72 +2.57 

Salem, Ore. 1923. 1.62 -0.63 1.05 -0.30 T -0.48 0.13 -0.16 -1.5? 
1922 0.93 -1.28 0.u3 -1.2b O -0.46 1.4 +1.0? -1.95 
192Z5 1.&: -O.l O.7 -O.3 1.21 +u.?3 1.Oo -O.3t -0.? 
1946 1.15 -u .í5 1.28 +0.01 1,72 +0.33 0.09 -0.3? -O.8 
1947 O.13 -1.84 3.60 + 1.41 +1.02 0.44 +0.03 +1.60 
l48* 4.lo +.L5 0.38 -0.83 0.61 +0.22 +3,05 +1.57 
1b1 2.49 +0.47 0.01 -1.20 0.1? -0.22 0.65 .O.18 -0.?? 
lb2 O.O -1.82 ¿.64 +1.43 0 -).3 0.03 -0.44 -1.22 
1953* 3.76 +1.83 1.34 +0.12 T -0.32 1.65 1.l6 +2.79 

st. Paul, inn. 149 1.06 -2.11 .8? -0.2? 4.78 1.21 1.27 -1.74 -3.01 
1950 3.4? +u.20 1.54 -2.60 4.06 +0.49 1.86 -1.15 -3.06 
1951* 4.05 +0.78 5.25 +1.11 5.4 +2.3? 3.28 +0.27 *4.48 
152 .48 +0.18 4.20 +t)QO 4.10 +0.53 4.36 *1.35 +.12 

ro 



Tbie 2. oi.ture data for years of reported heavy oíìon maggot infestations and - or tne tito years ih jrececued ti ei ,eort ) 

iQ¼;&11 iay June July Au,ust Total 
lld ch lib4 U.81 -).4b l.34 O.l3 O 13 -0.15 O.6 +O6 +0 15 

15ö 1.20 -0.06 O.&) -o.oi 0.9? +O.6 T -0.34 -0.62 
1956* 2.03 +0.?? 3.74 -0.4? 0.08 -0.20 1.52 +1.18 +1.28 
lb? 4.19 +2.3 1.05 -0.16 T -3.28 0.15 -0.l 2.30 

Heavy oni.n iaagot iiìfe:r- ation reported 
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SUMMARY 

:3ioio1ca1 wcrk on FIyieay ntta (Ne1en) as lniti- 

ated. 1x1 the summer oÍ 15ö and terminated in the spring 

or 1958. The lite yc1e ;as nt tuci1ed intensively as 

it had been reported. 3n the literature by numerous autiors. 

The jriry urose o the study was the further examina- 

tion of the basic aspects of the onion iagot biology. 

Desoriptlons of the stages of the insect re pre- 

s e i t e (i. 

j. aiia cas reared in the greenhouse so that ali 

stages of the insect were available throujiout the yer. 

eartag ;iethods and. materials including dIet, cages, 

tenperature, upal storage, number ùÍ' egs proluced, anr 

ohcr factors are gIven. 

Different types ol' soll were used in ort1cris of 

the study--Lake Labish muck, 

clay loan--to examine larval 

penetratIon, ovIosìtion pro 

of the pupariuw. 

Soil moisture found 

Hort. sandy iom, and Erit. 

movement, dejth of larval 

terence, and effect on size 

to be very important In 

larval ociosion and. survival in the soil. i moisture 

content of about 10 percent in Lake Labish muck, 13 ber- 

cent in Ent. clay loam, íd five percent In Hort. sandy 

loam was reuired for optimum emergence. The soil moisture 

required for survival of the newly-iictched maggots was 



75 

percent or more In Lake Labish and. Ent. solle nd 10 

percent or ciore in Hort. soll. 

A neative phootro$c response appeared. to stop 

maot fe1ing in the onion seedlings at, or slightly 

above, the soil levei. 

ne onion maggot as round. to destroy trom -35 

onion seod1mn s on; uuialieter In dia:eter at the soll 

level by 40 rni1liceters in helght The number o1' seed- 

linge destroyed per maggot decreased with increase in 

size oI plant. One seedling as destroyed per mag'ot 

tien the plants were 4-b x 260 m:n. n size. 

Onion maggot larvae reared in both seedlings and. 

bulbs were I'ound to pupate at nearLy identical ties. 

Onion maggot movement varIed with sou type and 

larval size. Third instar iarve tunnelled further and 

more rapidly tirough soil than sec ' rid instar larvae. 

Maggot movement ias iot rad. through Lake Labiski muck 

while Hort. snd.y loam was quite resistant to passage. 

Onion maggots were found to be tolerant to colis or 

high water content. Larvae In wet soils generally moved 

to the soll surface. Some magote were Ícund to wit- 

stand submergence in water tor il-12 hours. 

The finding OZ onions in the Soil oy ti-ic onion maggot 

appeared to be a hit or miss process dependent on the 

uaggots abIlity to move relatively long distance in the 

SOli. 



Onion magot lÑere 

1fa1fa meal pluB bran, 

and. tìrnip leaf stems. 

on corn eedlins, beai 

Pupae obtained. Oct 

reared to the pupal gtae on 

g.riic ceedlinge, radist, turnip 

It wa not posib1e to rear larvae 

edlins, carrot, or potato. 

aber i, 195? from onion magot 

infested OfliOflS taken from the field. were found. to re- 

juire a storage period at 37_410 F. for six weeks for 

coruplete breakage of diapause. Dia ause or dormancy 

entered. by upae from magjots reared during the winter 

was easily broken by short periods of cold storage. 

Puparial size of maggots reared in Hort. eaxiy 1oa 

was highly significantly smaller than that of magots 

reared in Lake Labish muck. 

Tet soils caused ovipo3iting fl. antigua to deposit 

their egjs on the above ground portions of the onion 

plant. 

Onion flies were found to oviposit on bean, beet, 

carrot, corn, ar1ic, onion, radish, swiss chard, and 

turnip seedlings. 

Onion flies Cud not oviposit on clean soil or on 

onion seed. gy.s were deposited on soil to which onion 

Juice was added and soil ith onion remains placed 1/2 

inch deep. E. antiQua eggs placed in moist Lake Labish 

muck containing onion debris developed to third instar 

naggote, fIve miiiireters tong, within 14 days. 



In oviposItion preorenoe ees bewen onion seed- 

:L1Ls of different uieiht, o;ilou flies deposited the 

ii.ahet numers of eggs in rots eoutaininç Ine larest 

oeedln3. 

In experierits to exannine the re3istanee of tnree 

strains of onion ¡uos to epthlor 

from Portlaad, Oregon wi'e f uwid to b 

arvae from Ontario, Oregon were less 

from t. Jean, uebec ;ere round to be 

to the in3ectioicie. 

From reports in the literature on 

7? 

iìisee ieicIe, larvae 

f.tiriy resisarit. 

resistant and iiaots 

suite susceptible 

heavy onion maèot 

infestations and from t!e data obtained in tue reset 

stuc1j on moisture reuirents for onion ma:ot eerenoe 

from the e and. survival, it ajpeared. tiit high popula- 

tionc erc related to preoiitation. A comparison of 2D 

reoords of ìevy mact damae and oliiaatologicai data 

showed that the infestations occurred during wet periods. 
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