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PREF ACE

In recent years the seed-corn msggot has presented & serious
problen to the spinsch industry in Oklehoma. Folisge infestztions
heve ceused serious losses to the growers and processors of this
crop. Many growers heve considered the use of insecticides &s a
possible control for this insect,

In the fall of 1952, Dr. R. R, Walton, associate professor of
Entomology, in charge of vegetable research st the Oklshoma Agricul-
tursl Experiment St tion, suggested that I investigate the biology
and possibilities of controlling this insect on spinach. This I
have sttempted to sccomplish by biological investigations with par-
ticuler emphasis on the source of folisge infeststions nd the effect
of various insecticidsl treatments &s possible control measures.

I wish to express my eppreciztion to my major adviser, Dr. R. R.
Walton, for valuable advice and suggestions which aided me in plsn-
ning and conducting this study. The author extends special acknow-
ledgment to members of the exsmining committee consisting of Drs.

D. E. Bryan, asssistant professor of Entomology; D. E. Howell, profes-
sor end head of the Department of Entomology, Oklszhoma 4. & M, College;
F, &, Fenton, professor and head emeritus of the Department of Ento-
mology; end J. E, Thomes, associate professor of Botany and Plant
Pzthology, for their constructive criticisms of this msnuscript. I

am greteful to G. 4. Bieberdorf, assistant professor of Entomology

and Lt, G, 4, Garrett, Entomologist, United Ststes 4ir Force, for

photog aphic illustrstions; to Dr. R. G. Dshms, professor of
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Entomology, U. S. D. 4. Regional Coordinator of Smsll Grazin Insect
Research; K, D. Arbuthnot; Entomologist, U, S. D, 4. Section of Cereal
gnd Forsge Insect Investigations; and E. J. Kanteck, Graduste Student
for suggestions; to S, D. Hensley, V. 4, Loy, R. D, Ceid asnd D, E.
Rusgell, Students, for egoisting me in preparing project material.,
Specisl ecknowledgment is made to Mr. Charles Galeotti, superintendent
of the Vegeteble Research Station at Bixby, Oklehoms for assistance

in project menipulations. Finally, I wish to express my thanks to my

wife, Frences, who types and assisted me in proofresding this msnuscript.
s b £

ﬁ}%,;‘,ﬁ’w%

Benjamin H, Kantack
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INTRODUCTION

Hylemys cilicrurs (Rondani)l, the seed-corn maggotz, ls & serious
mensce to the spinach industry in Oklahoms., The larvee sre usuelly
subtierranesn feeders on msny vegeteble crops; howsver, in recent yeers,
folisge infeststions on spinasch have limited the production of this
crop. Folizge infestetions present & serious problem to th@vspinach
canning industry as the presence of lsrvee and dsmsged lesves on the
hervested folisge ususlly results in contemination of the caunned pro-
duct. In order to facilitate control studies, investigetions have

been conducted gt the Oklszhoma Agricultursl Experiment Stetion in an

attempt to determine how this foliage infestation occurs,

lorder Diptera, femily Anthomyiidse

2Muesebeck, C.,F., W, 1958, Common names of insects sporoved hy
the Americen Associstion of Lconomic Entomologists. Jour. Econ. Ent,
43:117-138,



SURVEY OF THE LITERATURE

The seed-corn maggot is widely distributed throughout the tem-
perste zones. The seed-corn maggot has been recorded from Canads to
the Mexican border and from the 4tlantic to the Pacific Coast, inciud-
ing 8ll ersble regions of the United Stetes (Chittenden 1902, Hawley
1922) . It also occurs in 4leska, Cenada, Bermuda, South Americ ,
Europe, Asia, South Africa end Haweii (Reid 1940), end Australia (John-
son 1952), Chittenden (1916) states that the seed-corn maggot is
probably responsible for damage attributed to the cabbage maggot and
onion maggot in the states south of New Jersey.

In Americsn economic entomologicsl literature, the seed-corn mag-
got hes been discussed under various common and scientific names,

Among the common names are the deceiving wheat fly, locust-egg antho-
myian, snthomyisn egg parssite, seed-corn msggot, corn anthomyia, bean
fly, end fringed anthomyian (Hawley 1922). It also has been referred

to as the spinach budworm (Smith 1933).

Hylemya cilicrurs was described in the genus Chortophilsg by

Rondani in 1865 (Reid 1940). Among the scientific names which have
been applied to the seed-corn meggot, Reid (1940) listed the following:

Phorbig fugeiceps (Zett.); 4nthomyis zeae Riley; Pegomyia fusciceps

(Zett J3 Chortophila fusciceps Zett.; Hylemyia deceptivg Fitchj; &ntho-

myia gugustifrons Meigenj; Chortophila cilicrurg Rond.; Phorbis cilicrura

Rond.; end 4nthomyig radicum var. czstalopteni Riley.

The writer has followed the usage of Huckett (1924) with regard

to the genus Hylemya instead of Europesn suthors who favor including
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this species in the genus Chortophile,

Host Plants and 4dult Food

After emergence the sdult flies seek moisture snd sre found in
large numbers eround flowering plants and asccumulsztions of organic
material, being particulerly sbundant in freshly cultivated fields
rich in organic materisls. Odors from seversl lcohols, including
ethyl, isopropyl, and butyl, and from fermenting yeast mixed with
honey, molasses, brown sugar end corn syrup sre adult sttresctants
(Peterson 1924). Dried silkworm pupae and cottonseed mesl are also
attractive to the flies (Hawkeswas et al., 1933).

Adult feeding was observed by Reid (1940) on the following plentss
chickweed, narcissus, huckleberry, strawberry, plum, pesch, pear,
chokecherry, apple, serviceberry, loblolly bay, cabbage, broccoli and
collards. Sweetened water and egg white were elso & source of food
for the sdult.

The larvee of the seed-corn maggot feed on a wide renge of organic
mzterials, including both living plants as well as decaying orgenic
matter. Reid (1940) lists 45 species of living plants belonging to the
following 18 families: Ceanngbinacese, Caryophyllaceae, Chenopodiscese,
Compositae, Convolvulaceze, Cucurbitaceae, Cruciferae, Fagaceae,
Graminese, Iridsceae, Leguninosse, Liliaceae, Malvacese, Polygonaceas,
Pinacesze, Rossceas, Solsnaceae, Umbelliferee,

In sddition, Reid (19/C) reported larvae of this species fed on
cottonseed mesl, lerch bark, locust eggs, enimsl tankage, fish meal
and dead insects. The lsrvaee have heen reported feeding and causing
extensive damage on Douglas fir end spruce seedlings in a nursery in

Weshington (Bresksy et sl, 1944) . Heyes (1922) recorded serious desmage



by the seed-corn maggot to sorghums in Kensss, Howsrd (1900) reared

this insect on hunsn excrement.

The seed-corn maggot spresds Erwyinis csrotovora, the czusual

organism of potsto hlackleg. Leach (194C) found that these bzcteris
can survive in the insect during metemorphosis aund ers sssociated with
gll steges as the egg is surfsce-contsmineted at oviposition.

Hylemys cilicrurs larvee hsve caused cxtensive dsmage tc many

crops.  Much of this demege has been seed end seedling failures s a
result of subterrenesn feeding. Iun recent yesrs it has become a seri-
ous pest of spinsch zs 2 foliage feeder.

dccording to Reid (1936), during 1918 specimens were collected
from the hesrts of spinach on irrigeted land in Texes snd F. H. Chitten—

den identified these insects es Hylemys cilicrura. Injury to spinach

seedlings was described in December 1923, snd Februsry 1924, nesr
Chedbourn, North Cerolina (Reid 1936). The so-called spinach budworm
wes also reported zs being in Texas by Hawthorn (1932). According to
Hgwthorn, it was found during cloudy and foggy westher, F. L. Thomas
(1932) reported serious damsge to spinach in the Winter Gerden region
of Texzs znd & sinilsr sccount was published hy Smith (1933) from the
ssme zreg., Smith slso stated growers had associstesd it with damp
waegther and thet plants with spresding terminals were less subject to
sttoack., Smith (1933) mentioned & report of similer damege from the
Walls Wells district in Weshingbon. Wslton and Ashdeown (1951) reporied
gerious infeststions in Oklshoma during the fzlls of 1949 snd 1950 with
lighter infeststlon on the spring crops.

Control

Control measures on verious crops heve included discretion in
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ertilizer use, shellow planting, esrly and late plenting of crops,
suberlzing of potatoas, chemical trestments spplied to seoil and seed,
poison bait end repellents.

Demege eppeared more severe where hesvy spplications of bharnyard
menure were spplied hefore plenting (Smith 1933). In the South 4tlan—
tic States where this insect is 2 serious pest of petatoes, suberizing
the cut potetoes bhefore planting proved effective., Chamicel treatments
of sulphur, crgenic mercury compounds snd mercuric chloride tended to
incresse demage (Reid et 2l. 1940). According to Reid (1936), the most
sevare infestations, especislly in beans, occurred in soils with the

4. 'y

st quentity of orgenic matter. HMethods of prevention, such as
using comuercizl fertilizers in plsce of orgenic meterials, heve been
recommended. Chittenden (1902) recommended sosking send in kerosene
and placing'around the young seedlings. Shsllow plsnting of beesns hss
also bheen recommended.(ﬂawley 1922) , Seed trestments &s a control
were ineffective on heens in New York, Chlordsne snd benzens hexa-
chloride reduced maggot injury to some extent (Restich‘and Schwart
1948) . Turmer (1946) found no merked reduction in demage to besns
seed-treated with Spergon ot 3 per cent DDT, 4ldrin, chlordane, diel-
drin and lindsne gave satisfactory results gs seed-treatients on beans.
DDT, psrsthion and toxsphene did not prove sstisfezctory (Howe et al,
1952), Howe and Schroeder (1951) obtzined effective vesults combining
fungicides with dieldrin and lindane as & seed treatment., Lindsne com-
bined with & suitsble fungicide gave control on besns (Lenge et al,
1951), Chlordane and BHC were effective on sead corn in Louisisans

(Floyd end Smith 1942) . Chloropicrin snd DD (g mixture of dichloropro-

rvlene end dichloropropsne) reduced injury to fir seedlings in a

0]



nursery (Breakey et al, 1944). Hawkawas et al, (1933) found that
several mixtures consisting of pyrethrum snd wood &sh, tobacco pow-
der znd wood &sh, naphthslene and wood ash tended to inhibit oviposi-
tion when spread over a field in large zmounts., In a single repellent
test conducted with tobascco compounds using nicotine resinate, tobacco
oil and & 40 per cent nicotine sulph te on commercial white corn, some
repelling effect was indicated (Hayes 1922).

Walton (1951) increased emergence of spinach seedlings using lin-
dene and dieldrin s soil treatments, Lindane trested plots in this
test showed an incresse in plent stands of 102 per cent when applied
at one pound per scre rste. Dieldrin applied at two-thirds pound per
acre showed an incrasse cf 32 per cent, Few asccounts sppear to be
aveilable i;volving control attempts on feliege infeststinns. Larvel
populations on folisge were reduced from 58 to 69 per cent using high
pressure, high volume sprsy applications of chlordene, lindane and
dieldrin, Lindane gsve the highest reduction when applied at one
pound per acre while dieldrin when spplied et two-thirds pound per acre
was slmost as aeffective (Walton 1951) .,

H, cilicrure is subject to attack by natursl enemies when in
certain stages and when either sbove or below the soil surfsce. Chit-
tenden (1902) mentioned records of H, cilicrura adults parssitized

by a fungus disesse Empus samericsna Thaxter. Miles (1950) reported

perasitism by the nemztode Heterotylenchus sberrsn Bouien, Among

insect enemies Reid (1940) recorded Xylocrebro stirpicols Packerd,

Aphaeretz muscae Ashmesd nd seversl species of spiders attacking

H, cilicrura. The follo ing irds ore 2lso listed: English spar ow,

Pssser domesticus (Linnseus); p lm warbler, Dendroice pslmgrum (Gmelin);




crested mynsh, Adethioper gristatellus (Linnseus) 3 black swift,
Nenhoecetes niger (Kennerly); and old-squew duck, Clanguls hyemelis

(Linnzeus) .



METHODS AND MATERIALS

Trapping records were tsken during the fzll growing sesson from
September 23 to Novembsr 22, 1952, and from Seplember 12 to November 22,
1953 &t Stillweber, snd et Bixby from September 17 to November 17, 1953,
For these records, a 12"x12Mx/M, 1l6-megh screen wire trep was used,
The top of the trap wag fitted with s 4-inch plywoed squere on which
g 2-inch screen funnel wes inverted. The fumnel wes grooved to fit
either a quart jer or & screen cylinder, Tenksge (& mixture of dried
enimal residues) was used for heit in 211 traps

The positive phototropism cof the flies was used in removing them

from the trsps. The quart jsrs or screen cylinders were covered with

& dark cloth and a cloth sleeve was fitted over the opesn eund of ths

The mouth of & glass viel which was expcsed to light
wes inserted in the cloth sleeve., With this srrangement, the flies

2

crawled from the darkened conteiner into the viel where they could be
conveniently handled snd exemined,

Cages were constructed from 1l6-mesh screen wire, esch cege messur-
ing five inches in diszmeter and four inches inm height. 4 bhlsack cloth
wes pleced om top of the csges, since by darkening the upper portion
of the cage, the flies tend to stay nesrer the soil snd plants. A4 vial
of sugsr weter with & cotton wick was used for feeding caged specimens,

To obtein & supply of eggs deposited in the soil during the fsll
of 1952 and ggein in 1953, tuwo cages of flies were mainteined on pots
of soil containing tonkege but no plants. A4s flies in these cages

died, fresh field-trspped sdults were introduced in order to msintsin



& density of 25 flies per csge. KEggs were collected from these caged
pots by stirring the soll with a dissecting nesdle and then picking
up the eggs individuzlly with & damp cemel heir brush.

s 1

Bight-inch pots were sesded to spinzch using the commercisl veri-

Y

ety Bloomsdsle Lonzstsnding. Csges were placed over these pots which
proviously had been thinned to three plauts per pot. Six cages weras
mzinteined from September 22 to November 21 and six from October 15

to November 20, 1952, Fresh field-trepped cdults were introduced in

each coge regulerly end 20 flies were kepl in esch cege. Dally exami-~

nations were made to collesct eggs deposited on folisge and to determins

@

if lervee migrated up into the terminal buds.

Field surveys were taeken on folisge oviposition during the f5l1l
of 1952, the spring snd fell of 1953, and the spring of 1954, Subter-
renean feeding of the larvee was observed in the field during April

aend Hovenber 1953, asnd on potted plents in 1952, Folisge feecdiung was

)

obgerved in the field during the spring of 1953 and sgsin in the fell

of 1953 on hoth field and petted plants.
Reering Methods
BEggs from both soil end spinech foliage were used in resring
studies in the laborstory. Specimens were ohserved from the eggs to
the adult stage by rearvings nede in the soil and in spinsch buds.
Smell Stender dishes containing e soil and tankage mixture at =a
3:1 rsztio and a2 small pilece of sliced poteto were used for soil rear—
ings. The soll was maintained st s medium moist condition.
Incubstion records were teken at a temperature of sbout 70° F,
to 72° F. The per cent hetched and the length of the incubstion

period were recorded. Eggs were plsced on top of the soil for rearings
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made in the soil, For specimens reared on folisge, the eggs were
placed in the terminel buds. These eggs were elso hatched, but no
incubetion period wess determined since these eggs were field-gzthered.
However, most of the eggs hatched within one to two deys after
gathering,

The lengths of the larvsl stsges were recorded for larvae from
eggs collected in the soil snd for larvse reesred from eggs collected
from spinach folisge reared in the soil and on & folisge medium. The
per cent survival glong with the length of larvasl stage were recorded.
Studies were made st mean temperatures of sbout 70° F, and 62° F.
throughout the larval period.

411 lervae were removed from the rearing medium immedistely fol-
lowing pupstion and placed in jelly glasses contsining a fine silty-
loem soil, The pupse were buried in the soil to & depth of sbout
one inch end the soil wes kept et & medium moist condition. Records
on emergence were tsken, and durstions of the steges were recorded at
mesn temperatures of approximately 70° F, and 82° F. Comperisons
were made between specimens from soil-collected eggs and from foliage-
collected eggs on different food medis in regard to the durstion of
various stages in the life cycle.

Mounts of fresh eggs collected from the soil end foliege were
studied for structursl differences. Mounts of newly-h tched larvae
from both egg sources were made and compared as were second and third
instar larvee reared in soil and on the foliage. Comperisons were
made by microscopic studies of the posterior spiracles and bucco-
pharyngeal appsratus. Lsrval mounts were msde on standard glass

slides with Hoyer's mounting medium.,
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Control Methods

Low pressure, low volume control tests were initiasted st Muskogee,
Oklazhomz on spinach planted in Jenu ry 1953. One spray applicetion of
each insecticide was applied using s Bezn sprayer with hollow cone
nozzlaes (1.5 gallons per hour), delivering & volume of five gallons
per acre at 120 pounds pressure, Nozzles were adjusted about eight
inches above the plents. Plant examinstions were made on each of four
plots four days efter applying the treztment.

The insecticides used end rates of sapplications were as follows:

Insecticide Lbs, Per Acre Applied
Lindane-20% emulsion zoncentrate 0.4
Parathion-25% emlsion concentrate 0.375

Tetraethyl pyrophosphate-25% liquid
concentrate

0.375

In high pressure, high volume tests t Bixby during March 1953
on spinsch carried over from fell drilled plantings, one applic tion
for each of methyl psrathion and lindsne wzs made gt pressures of 200
and 300 pounds respectively. These insecticides were applied using s
Bean orchard sprayer with hollow cone nozzles (60 gallons per hour)
spaced 30 inches apart and at sbout 18 inches gbove the plent buds.
4 volume of 50 gallons per ecre with 0.4 pound toxicant was applied,
A rsndom plant sample of infested plants wass exsmined one week later
from eesch plot,

Control tests were continued in the fall of 1953 at Bixby. This
plenting was made on September 12 in three row plots with sll rows 18

inches gpart. These plots were 200 feet in length. 4s a result of

excessive drouth, this spinach was irrigated at weekly intervals during
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the first four weeks,

In low volume, low pressure spplications, a Bean Spartan garden
sprayer mounted on hicycle whoels was used. Hollow cone nozzlass (1.5
gallons per hour) sprsying a volume of aboui five gallons per acre at
60 to 80 pounds pressure were used in sll applications.

The first applicstion was made when foliasge eggs were first
observed end application was repeated three times at weekly intervals
by which time all folisge eggs had hatched. A second series of plots
received three treatments at two-weck intervals,

Rendom plants were harvested and examined one -reek to ten days
after the second, third and fourth applicastions on the one-week series.
Exeminations were mads after the first and third spplicstions on the
two-week series.

The insecticides used and the rates of spplicstions ars given

below:
L. Lbs Application
Insecticide Pe;_zgfe %ﬁtervel

Chlordene-42 .0% emulsion concentrate 1.0 1 week
41drin-23.1% emulsion concentrate 0.25 1 week
Dieldrin-18 ,5% emulsion concentrste 0.25 1l & 2 weeks
Dieldrin-18 .5% emulsion concentrate 0.50 2 weeks
Lindsne-20.,0% emulsion concentrate 0.25 1 & 2 weeks
Lindsne-20.0% emulsion concentrszte 0.50 2 ieeks
Parathion-25.0% emlsion concentrste 0.25 1 week
Heptachlor-25.0% emulsion concentrate 0.25 1 week
Endrin-18 ,5¢ emulsion concentrate 0.25 1 week
Chlorthion-25% water wetteble powder 0.25 1 week

With tho exception of chlorthion which was a water wettable powder,
8ll msterials were applied as emulsions., Chlorthion is an orgsanic
thiophosphate hsving the formula, O, C, dimethyl, O, 3, chloro-4-
nitro phenyl thiophosphate.

In & third block, certain materizls were epplied st 500 pounds
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presgure with a Bean orchard sprayer using hollow cone nozzles (0
gallons per hour) supplying 125 gallens of spray per scre. One appli-
cation for esch of endrin, lindane, pesrathion, and chlorthion was made.

ots found were

<

The number of demeged plents and number of live mage
recorded four deys after tresiment,
When foliage eggs were first observed on Fehruery 27, 1954, addi-

tionel tests were initisted at Bixhy on the carry-over crop. This

]

k=

planting 3 sde in October in three row plots, 18 inches spart snd

2y

28 1
600 feet in length, 4 %otel of six weekly spplications of endrin,
lindane and psrathion were gpplied on each of two replicates. 4ppli-
cetions were made st 350 to 400 pounds pressure, using & Bean orchard
spreyer with hollow cone nozzles (60 gallons per hour), adjusted eight
inches ghove the plants. Ismsecticides were spplied at 0.5 pound per
acre in gpproximately 100 gsllons of water. A rsundom sample of 125
plents from sach of two replicates was teken seven days after the finsl
applicetion,

Additionsl control “tests were conducted on spinsch plsnted in
Jenusry with an additionsl veriety (Giant Noble) heing introduced.
These plentings were made in four row plots, 600 feet in length, end
spaced 16 inches spart, The first applications vere made when foliage
eggs wera first observed.and continued weekly until three applications
were made. All gpplications wers spplied es mentioned in the preceding
par egr;ph excapt in this test approximately 150 gallons of water per

gcre were gpplied. Endrin, lindane

55
=
S22

e
o
L]
m
N
;.J.

on trestments were zapplied
on the Bloomsdale Longstsnding variety, A4dditional perathion trestments
were tested on the Gilant Noble veriety. Random ssmples of 100 plants

from esch of four replicates were taken two weeks after last treatment,



EXPERTMENTAL STUDIES

Biolooicsl Repults

Field observetions snd trepping records indicste thet H. cilicrurg

adults sre most shundent in Oklehoms from September to esrly November,

snd from lste February to late (Table 1), Adults msy be found
throughout the yesr but are few in number during the coldest part of
the winter and during the sumer months. During periods of grestest

getivity, adults are particularly sbundent in freshly cultivated fields

rich in orgenic metber

H. cilicrurs closel; of the femily Antho

and to the casusl observer resembles s small house fly (Figure

1). The body messures 3 to 5 mn in length. The thorax mey very in

color from & yellowish gray to blsck., The chdomen sppesrs slender

tions, Obgerve—

edult flics 2t ten-

© F. end ebove 857 ¥, Some zetivity wes observed,

temperstures nesr freezing. Adult activity was lasrgely

£

the sides of the cage. These chsecvotlions sgres with studies made

ves grester during the ceoler portions

14



Teble 1, Number of Hylemys cilicrurs. (Rond.) adults trapped in
1952 snd 1953

Dete 1852 1953 1953
- Stillweter Stilluster Bixhy
Sept,
12 — 6 —
13 - 6 —
14 - 7 ——
15 e 5 -
16 — 20 —
17 — 23 22
8 - 3 18
19 — 14 30
20 — 11 25
21 - 12 4,
22 _— 1/ 37
23 6 16 28
24 3 20 16
25 6 L5 43
26 —— o 4
27 1 26 4
28 9 30 4
29 9 g 0
30 14 3 0
Qct,
1 L 16 0
2 10 13 29
3 10 9 3
4 10 12 15
5 7 8 9
6 —~— 8 4,
7 7 5 6
& 11 3 22
9 40 8 26
10 30 6 4
11 25 5 25
12 25 5 25
13 10 11 25
14 21 10 46
15 10 15 130
16 12 15 8
17 7 9 29
18 & 17 43
19 6 20 22
20 4 30 8

(Continmed)



Dete 1952 1953 1953
= Stillustber Stilluster Bixby
Oct
21 21 31 5
22 25 9 4
23 35 9 5
24 15 10 10
25 12 0 5
26 14 0 6
27 13 0 4
28 15 0 C
29 12 5 0
30 13 4 0
31 30 3 0]
Hov.
1 25 4 14
2 25 3 e
3 5 4 5
4 L5 3 3
5 10 3 3
6 20 0 0
7 12 4] 0
8 15 0] 0
9 10 1 0
10 5 0 0
11 15 2 0
12 25 1 0
13 15 0 0
14 14 0 0
15 11 0 0
16 15 0 c
17 0 Q 0
18 0 0 ——
19 0 0 _—
20 0 0 —
21 0 0 e
22 0 0 —

~- o record




being most zetive in the eerly morning and lste afternoon hours.
When periods of high temperatures prevéil, adults usually seek cool,
woist places to rest, but vhen tempercztures were fevorable, they were
observed hovering over fields end spinach plants.

(2) Oviposition in Cages

Bgegs of H, eilicrurs field-trapped adults were deposited freely

e

n end on the soil surfgce in cages where g small emount of tankage
wag incorporeted in the first inch of soil. Oviposition was inhibited
by extremely dry or extremely wet soll conditions. 4 mediuwm-moist
soll wes preferred. Iggs were deposi%ed singly or in groups, zs many
as 20 eggs were found in one group. Eggs of the seed-corn meggot were
of normgl snthomyiid shape, white in color, elongate-ovoid with the
posterior end blunted (Figure 2). The eggs messured about 35 mm in
width snd about 1 mm in length, The outer chorion wss reticulsted.

Folisge oviposition was observed once on caged spinach plants
during the period of September to November 1952, In this instance,
two eggs were deposited on the plant neesr the mid-rib of & large lesf.
Oviposition in the soil around ceged plants wes observed frequently
throughout the entire study. Appsrently environmentsl conditions

'conducive to folisge oviposition did not exist in this test. It
should be noted, however, thst very few follage eggs were observed in
the field during this same period (Tsble 2).

No sttempt wes made to determine the sversge number of eggs per
field-trapped female in these cage tests. Reid (1940) found one
field-~trapped female to oviposit 49 eggs in one day.

(3) Oviﬁosition in the Field

Adult femsles in the field seek moist soils rich in orgsnic
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Figure 1. 4dults of the seed-corn maggot,
Hylemyg cilicrurg,

Figure 2., Hylemys cilicrurg eggs collected from

the soil.
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Teble 2. Folisge oviioosi‘cicn and infeststion by H_s cilicrurg on
four spinach crops at Bixhy, 1952, 1953 snd 1954.

Humber
Exggized of P}ants . ??r Cent of Plantsg
Exanined With Bggs With Lervee Damaged by Larvaeg
111922 '
Oct. 31 1,000 0.7 0.0 0.0
ov. 7 1,500 0.3 0.0 0.0
Spring 1953, (Carry-ever crop)
Apr, 10 100 470 14,0 26,0
Apr, 17 100 540 15,0 40,0
Oct,. 20 500 0.0 0.0 0.0
Oct. 27 350 C.5 0.0 0.0
Nov. 3 250 36.0 0.0 C.0
flov, 10 50 18.0 8.0 - 8.0
Nov. 17 100 0.0 36.6 36.6
Nov, 28 150 0.0 18.0 35.0
Spring. 1954 (Cerry-over crop) .
Feh, 27 100 440 0.0 0.0
Mer. 4 200 0.0 0.0 0.0
Har, 11 100 540 0.0 6.0
Mar. 18 100 50 2.0 240
Mar. 25 10e 22 .0 10.C 10.0
Apr, 1 100 16,0 14.0 14.0
Apr, & 250 il 15.0 250
Spring 1954
dpr. 1 100 100 0.0 : 0.0
dpr, 8 100 11,0 1.0 1.0
spr. 15 100 540 29,0 29,0
Apr. 29. 400 2.0 —~——— 150
Spring 1954%*
dpr. 1 50 160 0.0 0.8
Apr, & 50 35.0 0.0 C.0
Apr. 15 100 2.0 11.0 11.0
Apr. 29 400 1.0 —— 21.0

*Ho record
%%Gisnt Hoble, 2 flst-leaved veriety, introduced for comparison
with Bloomsdele Longstanding. :
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mstter to oviposit. The f vorite oviposition sites appear to be on
or near sources of larval food, especislly where sprouting seeds and
decaying vegetation sre abundant. Freshly cultiveted fields eppear
most suiteble., This increased attraction may rssult from the in-
cre sed amount of orgsnic .etbter exposed on the soil surfsce. Eggs
ware found on end in the soil and in sm 11 crecks bhensath plants and
in the spaces »etween plants. In many instances where e s were
ohserved benesth the plants, egrs were also found on the folisge.

H, cilicrurg femsles oviposit freely on spinach folisge during
certsin periods of sdult ectivity (Figure 3). Apperently some envi-
ronmental fsctor or factors, pessibly meoisture and Lempersture condi-
tions, siimulete the female to oviposit on the plant. In selecting
spinach plsnts on which to deposit their eggs, the females ususlly
choose average tc lerge size plsnts with well-developed buds. In
most instances, plants six weeks of age or older were selected, but
in a few cases eggs were found on very smsll plants. The soil orgenic
matter content appears to influence oviposition on the foliege as more
eggs were found in ereas where decaying organic msterisls were incor-
porgted in the soil, The sttrecting influence of orgsnic mstter
usually results in hesvier oviposition on certzin secticns within s
field., This increessed folier oviposition mey be a result of a con-
centretion of the fly populaztion in these sress by the attrszction of
the organic matter., Infested plants are also fsvorite sites for egg
deposition. A4pperently the odors emitting from decaying plent tissue
also attrect the ovipositing femels,

The eggs were found in &ll parts of the folisge, but over 75 per

cent were locsted on the smell leeves directly in the terminal buds,
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Some eggs were collected from the outer leaves, usuelly near the mid-
rib of lerger lesves. Lggs were also collected from the petioles and
in & few instences were found atteched to the underside of large
leaves. This confirms a report by Brooké (1951) who found some eggs
in small clumps on the stems and leaf petioles. The eggs are attached
on oviposition with an adhesive msterial secreted by the femals and

ere uguelly firmly sttached to the spinsch lesves. For extent of

see Table 2.

During field surveys, eggs were noted nesr the bsse of spinech
plants, In many instances, eggs were deposited directly iun contact
with the plant end the soil, ususlly between the stems and surrounding
scil., It should be noted thst foliage eggs were usually slso present
on plants where sges were found at the hase.

(4) Lerval Activity

The larvee were yellow fo white in color and cylindrical in shape.
There were 12 segments including the heed, sll of which were legless,
The larvee varied in size from sbout 1 mm for newly-hatched larvec to
about 7 man for msbure larvae (Figure 4) o Young lervse were active
upon emergence from the egg and moved about in sesrch of food. Usuelly
they grouped together; however, isolsted msggois were found. After
hatching, the larvse usually moved downwerd regardless of whether they
were in the soil or on the plants. The lsrvse were omnivorous and as
they migrated downwerd, they fed on sny orgenic msterisls which were
gvailable. In many instences, the germinsting seeds and seedlings
were killed by the sublerrsnesn feeding. In studies of flies caged
over spinech seedlings during 1952, subterrenesn feeding in ﬁhe soil

was observed on four plsnts in three different pots. No feeding wes



Figure 3. Bloomsdele Longstanding spinach plant
showing eggs of Hylemya cilicrurg on
the bud leaves.

Figure 4. Hylemya cilicrura larvse, seven and

thirteen days old.

22
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observed on 21 plants in the other seven pots, although all steges
of larvae were found in the soil.

Subterrenean feeding of lervas was alego observed on epinsch seed-
lings in the field during April 1953, In one esxsmination, 12 msggots
were observed feeding on roots of twe plants. These lervee were near
the scil gurfsco snd were estimsted to be in the late second inster,
Exeningtion of 100 plants in the field during November 1953 showed
subterranesn feeding on one plent. Three third instsr meggots were
found feeding on the megin root just helow the soil gsurface. This
plent alsc had one mgggot feeding in the bud. Many larvae were in
the soll sround each of the 100 plants, but feeding was essentially

r

limited to the tenkege which had been mixed in the soil ground these
plsnts. Lervae grown in a mixture of soil, tanksge and 2 small piece
of deceying poteto fed on the tanksge as well zs on the poteto. Larvee
were not cohserved to feed on the potsto until they were four to five
days old, and spperently their eerlier subsistence depended on the
tanksge or other orgenic meterisls in the soil,

H, cilicrurg larvse have beeun reported zs sttacking only plant
tissue on which there sre living micro-organisms, Huff (1928) reared
nsggots from egg to sdult on pes and bean seedlings free from bacteris,.
Apparently under normel field conditions, micro-organisms sid this
insect's development by praepasring sultable substrate for feeding ss
decay ususlly eccompsnies dsmage on spinach as well as other seedlings.

Tield observations showed that plents with tight terminel bud
growth were mors subject to attack. Smith (1933) found that plants
with lcose open bud growith were less subject to sttack., The larvae

fed by razsping the tissues, and the smaller tender leaves in the bud
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were the favorite feeding sites. Developing leaves were destroyed
and the damoge with the sccompanying decay gsve & brown to black
eppesrence to infested spinech buds . (Figures 5, 6, 7, 8). In cage
studies vhere larvee were grown from egg to adult in the bud, this
bhlack discolorstion started threes days after the eggs had hatched.

As the larvel period neared completion, the demage became more pro-
nounced and usually by the time the larve left the plant to pupate,
some stems hsd been entered. Larvae of various sizes were found in
infested spinach buds and in many cases zll three instars were found
on the ssme plant, In scwe instances large maggots were removed from
inside the stems, especislly after the bud had been completely de-
stroyed. Usuzlly the spinech plant survives foliage infestations,
but occazsionslly a week plent succumbs during heavy attacks. Mslformed
plant growith usually follows bud infestatiéns snd many terminsl buds
were damaged or completely destroyed.

Pupel development wes generslly completed in the soil, but in s
few instences, puperie have been found on the scil surfsce and on and
in infested plents. In the latter ceses, pupsris were found in the
terminel buds end insgide the peticles, When first formed, the pupesrium
appezred red to brown in color and beceme darker gs the pupal period
progressed. The length of the puperium sversged approximetely 5 mm
(Figure 9) .

(5) Source of Infostetion

(2) Oviposition on spinsch foliage

s
‘]

During these investigetions, it wess noted thet sericus infesta-

£

2

tions followed periods of heavy folisge oviposition., This is shown

by comperisons of the folisge oviposition records with the infestation



Fipure 5. Plent infested with Hylemys cilicrure
larvee compared with e non-infested plent.
Note the injury in the terminsl bud.,

Figure 6. Plant showing injury by lervee
of Hvlamye cilicrura.
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Figure 7. Non-infested plent showing no
injury to the terminal bud.

Figure 8., Infested plent shewlng severe demege
to the terminal bud end lesf petioles.



Figure 9.

Puparium of Hylemye cilicrurg

27
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records for the fgll of 1952 and the spring and fall of 1953 (Table 2).
It should he noted that 20 to 60 per cent of the plantsvwith foliage |
eggs later became infested or dameged (Teble 3). In the f2ll of 1952,
a totel of 2500 plants were examined., Weekly examinstions were made
during the pericd from Septembher 15 to December 1., It may he noted
thet a very small per cent of plants had eggs on the foliage, the
meximum being only 0.7 per cent on October 31 (Tsble 2). No lsrvae
were found on the folizge during the entire growing season. Apperently
snvironmentel conditions were not conducive to folisgge oviposition or
lerval infestation of spinach folisge,

Following periods of hesvy foliage oviposition during late

ga infestation

oo

February, Herch, end early April of 1953, a serious folia
developed &t Muskogee end st Bixhy. MNo records are presented on the
extent 6f foliage oviposition st Muskoges since many of the sggs had
hatched before the field surveys were initiated. However, many plants
were observed with foliage eggs and & total of 21 per cent of the
plants were infested in Msrch.

Eggs were found on 47 per cent of the plants 2t Bixhy when the
first exsmination was made on 4pril 10, 1953, snd at that time, 26
per cent of the plants were infested or damsged. When the second
exsminotion was complebed on April 17, 40 per cent of the plants were
demaged. Thie wes & 14 per cent incresse in plant damage during this
geven-dsgy period.

Oviposition records were tsken weekly at Bixby from September
to December during 1953 (Table 2). The totel number of plants with
sggs could not be recorded becsuse meny eggs hatched betwesn the

weekly examinstions. A%t the pesk of folisge oviposition on November 3,



Tsble 3. The effect of folisge oviposition on the development of larvel infeststions in spinach
buds during 1953,

Date LO;iEiOn Sogrce of Loc;tion of B Dg?e 4 Pl%nﬁg Piiaiigt
Type of Test ge s g8 S xamine Examined Infested
April 10 Bixby-Field¥ Folizsge Folisge April 17 40 35
Nov. 3 Stillwater-Lahwi Seil Folisge Daily 5 20
fov. 3 Stillwster-Lab¥* Foliage Folisage Dgily 5 20
Nov. 3 Bixby-Field Folisge Folisge Hov, 22 56 51
Nov. 3 Bixby-Field Folisge Folisge Nov, 30 LA, 54,
Wov. 3 Bixby-Fieldkxx Foliage Folisge Nov,. 30 11 &0
Nov, 1 Stillwster-Field Soil Soil Daily 120 0.8

¥Plants steked in field
**Plants seeded in pots in insectary
®*¥%Plants caged in fisld
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36 per cent of the plants contained folisge sggs. Bggs were first
noted on October 27, hut only two eggs were found on this date.
Exemination of 100 plents one week later indicated an & per cent
lervel infestation whils 18 per cent of the plaunts had eggs on the
folisge. On November 17, no folisge eggs were observed and 36.6 per
cent of the plants were infested on that date. Although s natural
lag occurred, this pronounced incresse of the infestation during
this seven-day period suggests that some of the small lsrvae were
overlockad on November 10, When the finel exemingtion was made on

Hovember 28, 18 per cent of the plants were infested and 35 per cent

wore infested or dsmesged. The absence of maggots from & porition of

mortelity was observed,

Records were tsken on folisge oviposition from February 14 to
bpril 29, 1954 on cerry-over end spring planted spinsch (Tsble 2).
Folisge eggs were first observed on the carry-over plents on Februsry 27
when 4.0 per cent of the plants contsined cggs. No folizge eggs were
found when plents were egsin exsmined on March 4, but on March 11 eggs
ware found on 54,0 per cent of the plsnts., Plant examinations ouns
week later showed & 2.0 infeststion with first insbar larvae. At
this time the soil was extremely dry and many of the plant buds were
full of dust particles &s a2 result of blowing dust. These unfsvorsble
co&éitions eppear to hsve reduced the developing infestation. Foliasge
oviposition continued during the next three weeks on the csrry-over
crop snd weekly surveys showed from 5 to 22 per cent with eggs and 2
to 15 per cent of the plants infested. When the final sample of 250

lants vas teken on April 8, 25 per cent of the plants were demaged.
g 5 by
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Ovipogition on the spring plented verlevics was Ll

on 8pril 1 when eggs were found on 10 per cent of the plents (Teble 2),

f@

Exeninstion of 100 plsnts from the Bloomsdsle Longstending plenting

Eq

showaed 11 por cent with folis

5

eggs end 1,0 densged., A& 50 »nlent
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@ plots showed 35 par cant of the
plents with eggs, bubt no larvee were observed. This was the highest
lovel of oviposition recorded on the spring crov. On 4pril 15 Blooms-

dele Longstending plents showed z 5 per cent ege infestetion end e

29 per cent lervel iunfestation, as co

pechtively, for Gisnt Noble plents.

3
When the finsl sgmple of 400 plents was harvesbed, 15 per cent

of the Bloomadale Longstending plants were found deieged

Py

ble, This increase of

with & 21 per cenl on the Gient Uo

L4 L

position esnd infestztion on the Gilant Noble plaenting wee not significent.

The mumber of epge devosited on folisge ranged from one to fiftesn

I

h the everasge heing sbhout five. A4s e

ranoved from an infssted plant; however, the usus
six with zn eversge of two to three meggots per infested plent. All
lervel steges werse found oa infested plents, end in several ceses
ell ingtsrs were found on a single plent,

Additional lashorstory and field studiss were conducted to deter-

ovipcsition on lerval infestetions on

gpinsch folizge duving 1952 end 1953 (Teble 3) . During lNovember 1952
o totel of 84 H, eilicrurs epps collected from the scil from caged
specimens in ths leherstory were plscsd in the buds of 14 non-infested

potted plents. Leter observetion revesled thet nesrly sl11 the eggs
& =l
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oﬁscfvations mede in the field during this period end which sre dis-
cusséd in an eszrlier section.

In field studies during April 1953, non-infested plents besring
eggs on the folizge were staked in the field (Tsble 3). Exsmination
of this group one week later revesled s 35 per cent bud infestetion
with first instsr lervae.

During October 1953, a total of 150 eggs deposited in the soil
by ceged adulis were collected. Ten eggs were placed in each of 15
non-infested spinach buds. Observations showed that the eggs had
hetched but no infestation developed. Agein no infestation wes
observed in the field during this period.

In leaboratory studies in November 1953, snother 25 eggs were col-
lected from the soil. Five eggs were placed in each of five buds on
potted spinach plants. Later observetions revealsed & hud infeststion
on one of these plants. During this same period, another 25 egygs were
collected from the foliage in the»field. These eggs were plsced in
five buds on potted spinach plents, each bud receiving five eggs.
Infestetion developed on one of these plsnts, On the basis of these
results in the leboratory, no differences appeared to exist hetween
the two egg sources s one infestation was produced from the soil-
collected eggs and one from the folisge-collacted eggs. HNote that
during the period these bud infestations were produced in the lzhora-
tory, foliage oviposition was occurring sud bud infestations were
developing in the field (Teble 3), Thus, conditions esppeared to be
favorzble for the development of larvael infestations on foliage,

During Novenher 1953, a second group of non~infested pleﬁts bear-
o

ing

el

(633

ggs ware gteked in the field and exemingtion of these plents 19
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days lastor revesled & 51 per cent folisge infestation (Table 3).
Later exeminagtions of the plents showed 54 per cent of them were
demaged or infegted.

Bleven non-infested plants besring four to ten eggs per terminal
hud were ceged in the field at Bixhy on November 1, 1953 (Tahle 3).
A1l the soil in g 1l0-inch zrea sround these planis was removed to &
depth of one foet below the soil surface, and wet ssnd taeken one
foet below the soil surface was placed sround each plant. This was
done to eliminate any lsrvel migrstion from the soil to the plant
folisge., Examination of these plants on Hovember 30 revealed & 60
per cent infestation.

Dzily exsminations of a third group of non-infested plents not
bearing eggs but growing in infested soil revealed folisge feeding
in one bud. This plant 2lsc showed evidence of subterranesn feeding.
These plants were cbserved daily from Hovember 1 to December 1, 1953
sud gll foliage eggs found were removed. These records show that
larvae hziched in the soil do not cause mgjor foliasge infestations
but such infesﬁ;tions ragult from foliage oviposition.

Oviposition on the folisge sppeared to be limited to certain
pericds of the growing season. In 1952, ovipositicn on and in the
soil occurred frequently during September and Octeber but no foliage
eggs were ohserved wntil Octeber 31 and these were few in number.
During 1953, eggs were found on and in the soil from esrly September
until December 1; however, eggs were not found on the foliage until

ctober 27. In the spring of 1954, foliasge eggs were first observed
cn Februsry 27 snd observed frequently until the spring crop was

hervested.
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Records for the last few years indicste that temperature, humidity
and reinfell mgy influence H, cilicrurs females in selecting the ovi-
position site, and these factors probably influence eny subsequent
infestation, 4 severe dr uth was recorded in Oklsghomz during the
last six months of 1952, October 1952 was the driest October recorded
in Oklshome history. The rsinfall recorded in inches during the fzll
of 1952 st Bixby, Oklezhoma w s as follows: September 0.47, October
0.00, and November 2,40. In contrast to these moisture conditions of
1952, shove average rsinfell was recorded in all spinach-growing areas
during Merch, 4pril, October and November of 1953, Reainfsll recorded
at Bixby for these months was as follows: Msrch 4,50, 4pril 8,00,
September 2,40, October 7.38 and November 2.8¢, During Februery, March,
and April of 1954, the rsinfall recorded at Bixby wss 0,68, 0.93, and
3.93 respectively which was below normsl for this period. It appears
the low rainfall snd low humidity conditions existing during the fall
of 1952 inhibited folisge oviposition by H, cilicrurs adults and
suppressed any infestation which might have occurred. L rvae normslly
develop in a medium-moist soil or tissues within the plsnt terminals,
Apparently the moist conditions during esrly April end early November
in 1953 were fevorsble for the estsblishment of foliage infeststions,
Although heavy folisge oviposition occurred during eerly March of 1954,
only low levels of infestations were reached; however, hesvier infesta-
tions were observed from lste March until the crop wss harvested in
lste April, The naximum infestaztions recorded in 195/ were so ewhat
lower than those for the same period in 1953 (Tsble 2) ., Unfavorsble
weether conditions may account for the lower folisge infest tions,

Anglyses of westher conditions show that the mean temperstures recorded
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for the fall of 1952, spring and fell of 1953, and spring of 1954 were

Smith (1933) essocizted foliage infestations with damp and foggy

1

weather in the Winter Gsrden region of Texss. Swith alsgo steted since

folizge infeststions eppesar during demp westher thet mildew crgeniems

.

might possibly aid the insect in sitscking plents., o mildsw or blue

D
mold was obsasrved on infested plents during thess studies in 1953,
Plants infested in the laboretory slso sppeared to bs free

(R)

with ne evidence of wmold or mildew.

In & study conducted from Hoveamber 1 to Decenber 1, 1953 on the
effect of orgenic matter on foliage oviposition, 100 non-infested

)

plants were steked in the fleld, 4 tasblespoon of tenkege was mixed

n the sgoil eround the bhgse of esch of thess plants. Ancther 20 plants

fode

wers steked in thig field hut these plsnts received no tarnksge. Deily
¢ g J

examinations of these 100 plants with tankage revesled 26 instance

0

of foliesge oviposition. One instsnce of feliage ovipositiaa WES
ohserved on the 20 plents growing in soil with no tunxa Other
field observetions during 1953 shewed thet folisge ovlposltion wes
hegvier on plents growing where hesvy applications of orgsnic ferti-
lizers hed been appiied. Heavier foliscge infestations were glso
obsarved when plonts were growing in soils rich in orgsenic matber,
Smith (1933) and Reid (1936) observed thst when =1l other fauctors
were equel, foliage infestations were higher when plantc were growing
in solils rich in orgeanic materia s,

The attrascting influence of orgsnic matter on H, cilicrurs
females appears 1o largely account for the hesvier oviposition and

subsequent infestetions found on certain sress within the same field.
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(b) Migration of larvse from foliage to soil

During November of 1952, a total of 70 newly-h tched larvse from
soil eggs was placed in 1A terminal buds on potted spinach plants,
Five larvae were placed in each bud. No infeststion developed and
no maggots were found during later exasmination of the soil tzken from
these pots. Apperently sll these larvae died before becoming ostab-
lished on the plant or in the soil,

Another 10 larvee eight days old, resred from soil-collected
eggs in soil, tankage, and potato, were placed in five buds, each bud
receiving two lsrvae. No evidonce of feeding was observed and all of
these larvoe immedistely entered the soil, In this case, four pupsria
were recovered during exsminstion of the soil bout two weeks lster,

During March of 1953, another 17 larvse estimated to he 10 days
old were collected from spinach folisge in the field and placed in
buds of four healthy potied plents. No feeding wss observed snd
these larvae crawled immediately frcm the plant into the soil,

No larvse or puparia were recovered during lster screening of
the soil in these pots. Apperently the movement to a new feeding
medium disturbed the larvae and they were not sble to complete
development,

In November 1953, 48 newly-h tched lervae from soil~collected
eggs were placed in six buds and one bud showed slight evidence of
feeding ., Examingtions of the soil and plants indiceted that none of
these lervae survived.

It has bheen observed in the fleld that in many cases plents
showed demsge but no larvee could be found. It wes concluded that

in most cases the lerv e involved had left the plent to pupete.
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It has been found that pupation begins shout 20 days after the eggs
were first observed on the plants, and as & result, many dameged
plants without lsrvee were found., 4 few puparis have been observed
on the soil surface. In the lsborstory during November 1953, the
lzrvae were found o lesve the plant and enter the soil sbout two
deys hefore pupstion.

(c) HMigrstion of lsrvae from soil to folisge

Larvel migrstion studies were continued in the insectery during

@

October and Hovember of 1952. On October 21, larvee, seven days old
and resred from soil-collected eggs, were pleced on the seil in pots,
esch of which contained three well-developed spinach plants. Thres
to four larvee were pleced in sach of eight pots. UNo migration from
the soil to the folisge was observed during s period of approximastely
one wesk, The larvae were not observed to come to the soil surface
nor was there evidence of them feeding on the foliszge. There ig &
question es to how long the larvee survived, however, since no living
specimens were found when the soil was.screemed at the end of seven
deys .

In snother test during the seme sezson, observetions were made
on 12 pots similar to those described sbove. 4s a result of oviposi~
tion on and in the soil by adults caged on the pots, large numbers
of lsrvae in 21l stages were present in the soil in esch pot. Daily
ohsarvations revéaled no larvel movement occurred during a period of
36 to 60 dsys.

On November 22, 1952, 40 larvae, five days of age, rceared on soil
and tanksge from‘eggs colliected iﬁ the soll, were plsced on the scil

in four pots. EBach pot conteining three well-developed spinasch plants
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received ten lsrvsae, nte 24 hours later showed

o

hree lervee feeding in

evidence of larvel feeding during

did not revesl the lezrvee to he on the plants snd It wss gssumed th
they entered the soil,
Puring the fall of 1953, 10C non-infested plants wers stsked in

¢ was incorporated in the soil sround

ovipoeltion in the scil
¢ lerge population of developing lervee were present eround ssch of
these 100 plents., These plants ned delily from Hovember 1
mtil December 1, and all folisge eggs found on these pleunte wers

removed ., On Hovember 30 1as observed feed

b4

e

ing in g bterminel bud and thrae gots wore found feed

ing on the uuderground stems of this plent. HNo other follag

fo

feeding

o

wes ohserved during this perlod,
In the sems field, s second group of 20 plents were steked, bub
in this coge no lankege wae added to the soil, Ten freshly-lszid eggs

ware collected from the goil in the field and placed in the soil

hese 20 plents. Deily obssrveitilons were made from

Hovember 1 i 1 and &1l folisge egge found on these plants

were vemoved, o folisps infestation wss ohserved on these plsnts
end sexaainstion of the soll asround them on December 1 revesled only
three third inster lervee sround twe plants, Thig low soil population

Py

wes in contrast to the hesvy infeststicn in the soil-tanksge mixture

shove,



This evidence indicstes that some lervel migrstion may iteke

of

&

plece in the field; however, it sppears to be limited and foliszge
oviposition appsrently sccounted for the heasvy folisge infestation
observed during these studies.
(6) Duration of Immsture Stages

(2) Egg

The hgtehing periods for H. cilicrurg sggs are given in Table A.

Records are shown for eggs collected from the soil snd for eggs col-
lected from the folisge. The incubation period for soil eggs ranged
from one to three days with & mean of 1,66 and 1.53 days at mean tem-
peratures of 70° and 72° F. The range in days for foliage-collected
eggs was one to two days with a mesn of 1.2 dsys at 70° F. (Table 4).
It should be stated in this case that these folizge egps were field
gathered end the exact time of oviposition and the temperstures they
were subjected to in the field are unknown. &ppsrently this sccounts
for the slight difference in the incubastion period rsecorded fgr tha
folizge eggs. In these studies, 90 per cent or more of sll eggs
hgtched,

(b) Lerve

The length of the larval pericd for larvse hatched from soil-
collected eggs in November 1952 and resred in soil, taunksge and potato,
were found te aversge 15.6 days at a megn temperature of 70° F, with
& T2 per cent survivsl, In compasriscn, folisge eggs were collected
in November and resred under the ssme conditions. The average length
of this stage for this group was 15.2 deys with 87 per ceut surviving
to the pupal stage (Table 4).

In November 1953, rearings were made from soil-collected eggs



Teble 4. Durstion of immature stsges of H, gilicrurs during 1952

snd 1953,
Tumber | Range e
g Rearing um?ﬂr ange Mesn Per Cent Mesn
ource e = (6] in .
Medium Specimens Deys Deys VSU.X“VZLVal Temperature
EGGS o
Soil Soil 20 1-3 1,66 90 70° F,
Soil Soil 30 1-2 1,53 90 72° ¥,
Poliage Soil L5 1-2 1,20 93 70° F,
LARY AR
Soil Soil 18 14-17 15,6 72 70° F,
Foliage Soil 16 13-21 15,2 87 70° F,
Soil Soil 22 9-19 14.4 68 62° F,
Folizge . Soil 24, —20 20.0 10 62° F,
Soil Folisge 6 24-25 2445 33 62° F,
Foliage Folisge 4 -——25 25,0 25 62° T,

PREPUPA & PUPA

Soil Soil 13 16-17 16.7 100 70° F,
Folisge  Soil 12 1417 15. 100 70° .
Folisge Soil 2 9-10 9.5 100 82° ¥,
Soil Soil 15 16-18 17.0 93 70° 7,
Folisge Foliage 3 15-18 17,0 100 70° F,
Soil Folisge 2 11-13 12,0 100 82° ¥,
Folisge Folisge 1 -—12 120 100 82° F,
Foliage Foliage A 11-12 11.7 100 82° F,
Folisge Folicge 30 11-12 12,0 86 82° ¥,




using soil, tankege and pot to as the resring medium. The average
larval period for this group wes 14.4 days at 62° F, 1In this case,
68 per cent survived tc the pupal stsge. Another group of larvsae
from foliage-collected eggs was studied under the same conditions
during this period. The aversge days required to complete develop-
ment was 20.0 and only 10 per cent survived to the pupal stage.

In this rearing, the medium beceme heasvily infested with mold which
mey have increased larvsl mortality (Tsble 4).

Larvae from soil-collected eggs feeding in the buds required an
average of 24.5 days to complete development st 62° F. The larvee
from foliege-collected eggs required 25 days to resch the pupal stage
under the same conditions (Tsble 4). Note that larvae resred in the
soil medie develcped faster than lsrvae reared in the spinach buds
when rearings were maede at the sai ¢ tempersture. The larvae required
8 to 10 deys longer to complete development in the spinasch buds. The
duretion of the larvel period for Lk, cilicrurg depends on the tem-
pereture as well as the feeding medium, Within the optimum temperature
range, the length of this period decresses ss tempersture increases.

The er cent survivel for larvae feeding on the foliage was lower
es it may be noted that only two plsuts were infested in the lsboratory.

(c) Prepupa and pupa

Specimens kept at & mesn tempersture of 70° F, required from 1/
to 18 days to complete the pupal period while those at 82° F. completed
development in 9 to 13 dasys. The per cent survival rsnged from &6 to
100 in this study.

The duraticn of the pupal stage did not appear to be affected by

differences in egg source or fcod supply. Tempersture eppeers to



determine the length of this stage. Within the optimum temperature
range, the pupal period becomes shorter zs the temperature increases.
(7)  Structursl Comparisons of Folisge and Soil Specimens

To consider the possibility that two or more populstion of flies
were involved, sdult flies collected from field treps, adult flies
reared from eggs in the soil and adult flies resred from folisge asggs
in the soil were submitted to the Division of Insect Identification
of the Bureau of Entomology and Plant fuerantine, Washington, D.YC,
in 1952, These specimens were determined by C. W. Sabrosky as being

Hylemys cilicrura (Rond.), the seed-corn msggot.

Additional specimens were submitted during 1953 from the following
sources: adults collected from field traps, adults reared in the soil
from eggs collected from the soil, adults reered in the scoil from eggs

collected from the spinach folisge, adults resred in spinach buds from

b
eggs deposited on the folisge, and adults reared in spinach buds from
aggs collected from the soll, 411 these specimens were identified as

Hylemys cilicrurs.

Fresh slide mounts of H, cilicrurg eggs collected from the goil

were compared with mounts made from fresh folisge eggs. HNo morphcologi-
cal differences were observed,

Slide mounts of various larval stages were mede in the lsboratory.
Exsminstions were msde of the posterior spiracles, buccopharyngeal
apparstus end general body structure. Mounts prepsred from larvae
1, 7 end 13 dsys old hatched from eggs collected on the foliage were
comperad with mounté'of lervee of the seme age which were hatched frgm

eggs collected from the soil, Slide mounts made from larvae feeding

in the soil were also compsared with mounts from lsrves collected from



43

the foliage. No structural differences were noted.

Pupel cases were tgken from reerings made using both foliage
and soil eggs on different feeding media. No structural differences
were noted upon comparison of these specimens,

Insecticide Tests

Tests to control the seed-corn maggct on spinsch foliage were
conducted in the spring and fall of 1953, Ten insecticides were
tested in spray formulestions. In two of the tests, applic tions were
msde with low volume, low pressure sprayers and in the other two
tests, a high volume, high praessure sprsy wss used.

(1) Low Pressure, Low Volume Application

On March 28, 1953, single epplicetions of concentrate spr ys of
lindane, parathion or tetraethyl pyrophosphate were made tc the estsb-
lished folisge infestetion at luskogee, Cklshoma. At the time of
trestment, the pl nts in this test were of medium size and character-
ized by loose, open bud growth., The lervae infesting these plsnts were
estimeted to be in the second instsr. Four dsys after treatment a
rendom sgmple of 40 infested plants wss taken from the four replica-
tions. The reducticn of foliege larvese when compared with the untrested
check wes as follows: lindene 70 per cent; parathion 70 per cent; and
TEPP 60 per cent,

Adcitional control tests were continued et Bixby, Oklahoma during
the fall of 1953. In this test four spplicaiions of concentrazte sprays
with eight insecticides were made to the folisge (T ble 5).

The first spplication was epplied on October 27 when the first
folisge eggs were found., Note that only 0.5 per cent of the plants

contained eggs st this time (Tsble 2) ., On November 3 when the second



spray was spplied, 36 per cent of the plants contained foliage eggs.
Thus, timing of the spray spplicstions coincided closely with folisge
oviposition,

Table 5. The effect of four weekly spplicstions of concentrate sprays

on spinach foliage infeststions of the seed-corn meggot in
the fz1l of 1953,

Number Per Cent Per Cent
Treatment# Plants Reduction gzmber Lsrvel

Demeged Plant Damgge®* rvae Reduction
lleptachlor 23 57 6 70
Chlordsne 24 55 8 60
Aldrin 26 51 8 60
Dieldrin 23 57 9 55
Lindane 29 L6 9 55
Endrin 29 46 10 50
Parsthion 36 23 10 50
Chlorthion 33 38 29 =45
Untrested 53 20

#411 insecticides epplied et 0.,25 1lb, per acre except chlordane
w ch was applied at 1.0 1b. per acre.
#%*Bgsed on 50 plsnts from each of three replic tes.

Seven days after the second spray application, a 50 plant random
sample was examined, A4t this time perathion, chlordsne, and endrin
had caused 80 to 100 per cent reduction in foliage larvse when compared
with the untreated check. Other treatments of aldrin, heptachlor and
chlorthion caused a larvel reduction of sbout 70 per cent. Lindane
and dieldrin caused only 50 and 20 per cent reduction at this time.,

It should be mentioned that the first epplication of lindane was of
questionable value because of deterioration of the msterial in the
container which was not discovered until later. 411 lsrv e found
during this exzminstion were estimated to be in the first instar.

Another sample of 60 plants from gll replicates in esch treatment



was tsken seven days efter the third applicstion. The per cent larval
reduction revealed at this time was es follows: 2ldrin 66; chlorthion

end lindane 603 dieldrin, heptschlor, endrin, parathion 50; and

2
chlordene 32. 411 lsrval étages were found on this exsminetion.

Ten deys after the fourth epplication, the final exsminstion was
msde end the per cent reduction in folisge larvse and plsnt demsge is
shown in Teble 5, All lasrvee observed in this examination werse esti-
msted ss third iunstsr.

With the excepticn of chlorthion, the differences between insecti-
cides were not significant. The preliminsry plant exgminstion teken
efter the second spray applicstion shows the highest lerval reduction.
The gsecond plant sample shows roughly the same reduction for all treat-
ments except chlorthion snd chlordane. These variztions were prohebly
due in pért to the fsilure to find 2 high per cent df the smgll larvee
in the firsgt and second examinstion., Appsrently the degree of control
achieved in this test was a result of the first two spray applications.
During the first two applications, the plents were smaller and the
teruingl buds were more aﬁposed to the sprey. The larvae were slso
small and had not become ag well established in the plant buds as was
the cese during later application.

A third series of plots were treated with lindane snd dieldrin
under the same conditions as mentioned previously. Howsver, in this
test, applicetions using 0.25 and 0.50 pound per acre toxicsnt were
epplied at li-dsy intervals. Exsminations of 50 plants were made
after the first and third spplications in the plots treated at the
0.5 pound per acre rate. No reduction in foliage larvae was found

when compzred with the check., When the finsl sample was tsken, & 70
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per cent reduction was found in the plots trested with dieldrin at

050 pound per scre., Lindene showed no reduction. Agsin it should
be emphasized that the first applicstion of lindane wes of doubtful
value beczuse it had deteriorated.

(2) High Pressure, High Volume Application

On Merch 31, 1953, single spplications of s high pressure, high
volume spray of lindene and methyl psrathion were applied to the
spinach foliage et Bixby, Oklzhoma, The plants used in this test
were very lsrge and characterized by tight terminal buds., 411 lsrval
steges were well estazblished in the buds at the tims of treétment,

Exemination of 40 infested plents teken at random from sach plot
wes made seven days after treatmant.. No gignificent reduction in the
populstion was noted when these plsnts were compared with the check,
As 2 result of the advenced stage snd size of the infested plants,
mgny larvae probably were not resched with the insecticide,

In enother test, single spplications of lindane, endrin, chlorthion
and parsthion were applied to an established folisge infestation on
Hovember 26, 1953, Exeminstion of a 250-plant sasmple taken at random
from sll three replications four days after the treatment showed no
significent reduction of foliage larvse in any of the trestments. When
this trestment was applied, the lsrvae were approsching meturity sud
the maggots were desp in the terminsl buds.

When folisge sggs were first observed during Februery 1954,
applicetions of high volume, high pressure sprays of endrin, lindane
end parathion were mesde on the carry-over crop st Bixby. When the
final semple wss teken one week sfter the last applications, endrin

showed & 66 per cent lsrvel reduction as compsred with 48 snd 14 per
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cent for lindsne and psrethion respectively (Table 6) ..

Table 6., The effect of weckly epplications of high volume, high pres-
sure sprays¥ on spinach foliage infestations of the seed-
corn meggot in the spring of 195/.

SO

Number Por Cent Hugmrh Per Cent
Treatment Plants Reduction ifiveg Larval
Demeced__ Plant Demsge o '2°  Reduction

-—-Test No, 1. Carry-over crop of Bloomsdsle Longstanding,
six gpplications, Februsry 27-4pril 1l

Endrin 35 36 16 66
Lindene AN 34 2/, .8
Parathion 53 : 16 A0 1/
Untreated 63 — 46 -

-—--Test No, 2. Spring crop, three spplicstions, April 1-15%kx

Bloomsdele Longstending:

Bndrin 43 32
Parsthion 45 29
Lindane 60 VA
Untrested 63 —

Gisnt Noble (flat-lesved veriety):

Pgrathion 72 15
Untreated 84 —

. *Insecticides applied at 0.5 1b, toxicent per acre in 100-
150 gellons of water and at 350-400 psi.

**Based on 125 plants from duplicate plots.

#%%Based on 100 plants from each of four plots,.

Similsr tests on the spring spinach were initisted when folisge
eggs were first observed., A random sample was tsken two weeks after
treatment, A4 total of three spplications of endrin, parathion and
lindene made to the Bloomsdale plsnts showed 32, 29, and 4 per cent
reduction in plant damage respectively. No larval counts were made.
4 similar psrathion trestment was spplied to e flat-leaved variety,

Gient Hoble, Thig variety wes included in the test to determine if



its growth cherzcteristics, which differaed in certsin respects from

the Bloomsdele Longstanding varisty, influenced the effectiveness of
insecticidsl trestment. The letter vericty ilg characterized with

hick, highly convoluted ov wrinkled lesves and relsztively tight

terminel bud clusters. The Glant Noble vlants pessess thin, flst
Ry g

b
lesves end szppeasred to heve g slightly locser arrvengement of develop=-
ing lesves in ths bud., These growth cherecterigtics did not appesr

to increase the effectiveness of the tresctmants, since the reduction

in plent demage on Gisnt Noble wes 15 per cent, being actually lower

then the 29 per cent reduction obteined in Blocmsdele plots with the

¢

1

During 195/, en additionsl test wss conducted on plants infaested
with lsrvae. Hend spplicetions were wmade using diszinon, Systox,

lindsne &t 0.1 per centj parsthion st 0.05 per cent; and g lindsne-

8]

insecticides were egpplied in s solution using an isopesrsffin oil

(Soltrol 180) es the liquid cervier (Goodhue 1953) . 4 single spnli-

of three replicates, The plents were hervested four deys lster and

the number of larvae recorded, The per cent lervel reduction for

G, lindene 23, persthion 11, Systox 4, snd lindene-pyrethrins gave

1o resuction,

12

Prscticel levels of control were not achievad by eny of the

insecticides when spplied as r concentrate, low pressure sprays

high pressure applicetions, In the majority of

the tests, weekly epplications were timed %o codincide with folisge
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oviposition, Several of the toxicsnts used, including lindsne, sldrin,
dieldrin end chlordene were shown to be toxic to lsrvae of this species
vhen used zs seed and soil trestments (Howe et 21, 1952, Howe snd

Schrosder 1951, Floyd end Smith 1949, Lenge et z2l. 1951 and Walton

vl

1951), In the shsence of sn estzhlished cause of feilure, seversl fac-
tors ere sugmested &s possibly affecting the results. Inadequate

insecticide coversge of the termiirl hud interior, where most of the

(¢

lervse were situsted, sppesrs to be the most likely explanation.

Growth snd development within the bud, with resulting new and untreated
tissues, mey have permitted larvse to feed without toxic hazards.
Insecticide residues mey have not persisted at mortel levels through
the one-week interval between applications. Another possible factor
would be an intersciion between the plant tissues snd the insecticide
resulting in detoxificstion. Investigations should be continued to

Getermine the effect of these and other fasctors on control.



iARY AMD CUECLUSIONS

In recent years folisge infsstetions by the larvse of the seed-

rura (Ronds zi) hsve ceusad severe lossss

corn meggot, Lyl

to the spinasch indusitry in Oklshoma., 4dults were found throughout
the ycer but the pesk of sctivily occurred from lsie Fehruery until

lzte Mzy end fyom eerly Septenber until December. Only limited

sctivity wes noted =% temporatures below 50° snd sbove 657

Fo.end few
flies were active during windy end reiny periods. Adults freguented
rashly cultiveted fields snd flowering plants. Ceged adults ovi-

2.

osited freely om and in the soil end oviposition on the plent under

]

caged conditions occurred oncae in 1952, Egegs wers depcsited singly

or in

feie)

sroups with as many ss 20 eggs found in oune group. Medium
molst arees were preferred for ege deposition, Under field conditions,
oviposition on and in tho soil occurred frequently. Fevoritic aites

o

for egg deposition zppesred to be on or nesr sources of lzrval food,

I

especislly where sprouting secds, seediings end decaying orgenic
materisls were shundent. BEggs were slso found in amsll cracks end

open sreas in the field, During certain periods, H, cilicrurs

femsles oviposited freely on spinach folisge. &versge to large size

plants were selected end eggs were deposlited on 21l portions of the

plent. However, over three-fourths of the eggs were found on the
plent. H r, over thres-fourths of th res were found on the

ggll legves in the termis dg weny as 15 eggs have been
Found on & spinach plent with the sverage ranging from four to five
ver plent. Oviposition and folisge infesgtstions wers hesvier

.

where plants were growing in soils rich in orgenic metericls. The



hetehing perdiod for eggs depcsited in the soil or on foliasge ranged
from one to three deys st temperstures of sbout 70° F. In these
studies

, 90 per cent or wore of 21l eggs hatched.

Young lsrvee vere sctive immedistely cefter emergence from the

g snd moved sbout in sesrch of food. Subterrsnesn and foliege

feading by larvae wegs observed in the field snd labovratory as well

as lsrvel feeding on deceying organic meterisls. The numher of meg-

gots per plent rengsd from cne to fouriecn with the aversge being

from two te three., ALlL lgrvel insters were found infesgting spinsch

folisge end in several instences, all insters were cellected from 2
ole plent, Flante with tight terminal bud growth were more subject

to attsck. The lsrvee fed by resping the plsnt tissues and developing

o

2EVES WX mallioymed f MR SNESTE NN 0V Ee Wailg "7‘_‘_& choerved
leeves wers melfermed or destroyed. Lervee were alsc chserved to

tunael in leaf petioles. Decsy orgsnisms commonly sltteck such injured
plant tissues. From 20 o 60 per cent of plents with folisge eggs
leter beceme infested with lsrvse ass compsred with an infestation of
one per cent on plents thet hed no folisge spgs. Folisge infestetions

were produced in the lehoratory using eggs collected from the soil as

well es egge collected from the folisge. AL & tempsrature of 62° T,

b4

, bankege and potato pieces, matured
in 14.4 deys as contrested with 24.5 dsys for lervee resred on spinach
foliege,

An exsminstion of seversl thousand plants during the course of
the investigation sghowed thet pupeticn nesrly elwsys occurred in the
soil with only e very few pupariz being found in plents. The pupsl
period for gpecimens wes the ssme length regerdless of source of egg

or feeding medium, A4t & mesn bempersture of 82¢ F., the pupsl period



was 11.9 deys comvered with 15.7 dsys for specimens kept at a wesn

Heevy folisge infestetions developed in the gpring end fall of
1953 when precipitetion wes nesr normal or shove. In the fsll ef
1952 when precipitstion was grestly below normal, no foliage infeste-
tion developed., In the spring of 1954 with below normel reinfsll
low to mederets infestetions developed,

Lervel infestation of spinech foligge generally resulted from
oviposition on the bud end leaves. Lervel migration from the soil to
the foliege was observed in s very few cases, but this did not appesr
e infeststion. o struc-

to he en impertent fector in producing folis

oo

[Se]

with specimens collectsd or resred from soll eggs.
Preetical control levels were not obtsined by eny of the insecti-

cide trestments. A total of 13 toxicents, including heptachlor,

win, dieldrin, lindene, endrin, parathicn, methyl para-

chlordane, y

thion, tetrsethyl pyrophosphste, chlorthion, diszinon, Systox and s

S

lindsne-pyrsthrins mixture wes tested se folisg field

6]
0

preys in six

¥

tests mzde during thres sezsons. The first seven insecticldes listed
produced up o & renge of 50 to 70 per cent lervel reduction when
timed with follege oviposition, Trestments mede after the larvee were
well esteblished in meture plents were generslly ineffective. The
‘lest six insecticides listed shove were less effective thsn the first
group,., High volume, high pressure sprays were no more effeciive than

concentrate sprays of the same insecticides gpplied 2t low pressures.
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