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PREFACE 

In recent years the seed-corn maggot has presented a serious 

problem to the spinach industry in Oklahoma. Foliage infestations 

have caused serious losses to the growers and processors of this 

crop. Many growers have considered the use of insecticides as a 

possible control for this insect. 

In the fall of 1952, Dr. R. R. Walton, associate professor of 

Entomology, in charge of vegetable research at the Oklahoma Agricul­

tural Experiment St tion, suggested that I investigate the biology 

and possibilities of controlling this insect on spinach. This I 

have attempted to accomplish by biological investigations with par­

ticular emphasis on the source of foliage infestations nd the effect 

of various insecticidal treatments as possible control measures. 

I wish to express my appreciation to my major adviser, Dr. R. R. 

Walton, for valuable advice and suggestions which aided me in plan­

ning and conducting this study. The author extends special acknow­

ledgment to members of the examining committee consisting of Drs. 

D. E. Bryan, assistant professor of Entomology; D. E. Howell, profes­

sor and head of the Department of Entomology, Oklahoma A. & M. College; 

F. ,A. Fenton, professor and head emeritus of the Department of Ento­

mology; and J.E. Thomas, associate professor of Botany and Plant 

Pathology, for their constructive criticisms of this manuscript. I 

am grateful to G. A. Bieberdorf, assistant professor of Entomology 

and Lt. G. A. Garrett, Entomologist, United States Ur Force, for 

photog aphic illustrations; to Dr. R. G. Dahms, professor of 
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Entomology, U. S. D. 11. Regional Coordinator of Small Grain Insect 

Research; K. D. Arbuthnot, Entomologist, u. S. D. A. Section of Cereal 

and Forage Insect Investigations; and E. J. Kantack, Graduate Student 

for suggestions; to s. D. Hensley, V. A. Loy, R. D. Caid and D. E. 

Russell, StudentEJ, for e:fJDisting me in preparing project material. 

Special e1cknowledgment is made to Nr. Charles Galeotti, superintendent 

of the Vegetable Research Station at Bixby, Oklahoma for assistance 

in project manipulations. Fina.lly, I wish to express Il\V thanks to my 

wife, Frances, who types snd assisted me in proofreading this manuscript. 

�/Ill�
Benjamin H. Kan tack 
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INTRODUCTION 

!iYl!?m_ya cilic� (Rondani) 1 , the seed-corn maggot2 , is a serious

menace to the spinach industry in Oklahoma. T'ne larvae are usually 

subterranea.n feeders on many vegetable crops; however, in recent yeers, 

foliage infestations on spinach hs.ve limited the production of this 

crop. Folia.ge infestations present a serious problem to tho spinach 

canning industry as the presence of larvae and damaged leaves on the 

harvested foliage usually results in contgmination of the canned pro--

duct. In order to facilitate control studies, investigations have 

been conducted at the Oklahoma Agricultural Experiment s-t;ation in an 

attempt to det;erm.ine how this foliage infestation occurs. 

1order Diptera, family Anthomy·ii.dae

2I-1uesebeck, C. F. W. 1950. Co11mon names of insects approved by
the ll.meric&n ftssociation of Economic Entomologists. Jour. Econ. Ent� 
43 :117-138. 
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SURVEY OF THE LITERATURE 

The seed-corn maggot is widely distributed throughout the ten­

perate zones. The seed-corn maggot has been recorded from Canada to 

the Mexican border and from the Atlantic to the Pacific Coast, includ­

ing all arable regions of the United States (Chittenden 1902, Hawley 

1922). It also occurs in Alaska, Canada, Bernruda, South Americ , 

Europe, Asia, South Africa and Hawaii (Reid 19.liO), and 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 American economic entomological literature, the seed-corn mag­

got has been discussed under various common and scientific names. 

Among the common names are the deceiving wheat fly, locust-egg antho­

myian, anthomyian egg parasite, seed-corn maggot, corn anthomyia, bean 

fly, and fringed anthomyian (Hawley 1922). It also has been referred 

to as the spinach budworm (Smith 1933). 

Hylemya cilicrura was described in the genus Chortophila by 

Rondani in 1865 (Reid 19.liO). Among the scientific names which have 

been applied to the seed-corn maggot, Reid (19.liO) listed the following: 

Phorbia fusciceps (Zett�); Anthom,yia zeae Riley; Pegomyia fusciceps 

(ZettJ; Chortophila fusciceps Zett.; Hylel!lyia deceptiva Fitch; Antho­

myia augustifrons Meigen; Chortophila cilicrura Rond.; Phorbia cilicrura 

Rond.; and Anthomyia radicum var. cetalopteni Riley. 

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

to the genus Hylemya instead of European authors who favor including 

2 



this species in the genus Chortophila. 

Host Plants and Adult Food 

3 

After emergence the adult flies seek moisture and are found in 

large numbers around flowering plants and accumulations of organic 

material, being particularly sbundant in freshly cultivated fields 

rich in organic materials. Odors from several lcohols, including 

ethyl, isopropyl, and butyl, and from fermenting yeast mixed with 

honey, molasses, brown sugar and corn syrup are adult attractants 

(Peterson 1924). Dried silkworm pupae and cottonseed meal are also 

attractive to the flies (Hawkawa et al. 1933) • 

Adult feeding was observed by Reid (1940) on the following plants: 

chickweed, narcissus, huckleberry, strawberry, plum, peach, pear,

chokecherry, apple, serviceberry, loblolly bay, cabbage, broccoli and

collards. Sweetened water and egg white were slso a source of food 

for the adult. 

The larvae of the seed-corn maggot feed on a wide range of organic 

materials, including both living plants as well as decaying organic 

matter. Reid (1940) lists 45 species of living plants belonging to the 

following 18 families: Cannabinaceae, Caryophyllaceae, Chenopodiaceae,

Compositae, Convolvulaceae, Cucurbitaceae, Cruciferae, Fagaceae,

Gramineae, Iridaceae, Leguminosae, Liliaceae, Malvaceae, Polygonaceae,

Pinaceae, Rosaceae, Solanaceae, Umbelliferae.

In addition, Reid (1940) reported larvae of this species fed on

cottonseed meal, larch bark, locust eggs, animal tankage, fish meal

and dead insects. The larvae have been reported feeding and causing 

extensive damage on Douglas fir and spruce seedlings in a nursery in 

Washington (Breakey et al. 1944). Hayes (1922) recorded serious damage 
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by the seed-corn m3ggot to sorghums in Kansas. Howe,rd (1900) reared 

this insect on hum.an excrement. 

The seed-corn maggot spree,ds Erwinia cerotovo1'a, the causual 

organism of pate.to blackleg. Leach (194D) found that these ba.cteria 

can survive in the insect during metamorphosis nnd are associated w:i.th 

all st:::1ges s,s the egg is surfaco-contarninated at oviposi tion. 

f!ylem:ye cilicrura l1:n•v1;;e have caused extensive dame,ge to many 

crops •. Much of this damage has been seed t.:nd seedling failures 8:S a 

result of subtEirre:neen feeding. In recent years it has become a seri­

ous pest of spinach as a foliage feeder. 

ll.ccording to Reid (1936), during 1918 specimens were collected 

from the hearts of spinach on irrigr.ted land in Texes and F. H. Chi tten­

don identified these insects es I:Iyle1nx�. cilicrure.. Injury to spil113Ch 

seedlings was described i!.1 December 1923, e:nd February 1924, mn,r 

Chadbourn, North Cl:Sirolina (Reid 1936). The so-called opinach budworm 

was also reported as being in Texas by Hawthorn (1932). £1.ccording to 

He,wthorn, it was found during cloudy e.nd foggy weather. F. L. Thomas 

(1932) reported serious da.mage to spinach in the Winter Garden region 

of 'l'exas and e. si.nile,r eccount was published by Smith (1933) from the 

same erea. Smith 1o,lso st1::)ted growers he,d associated it with damp 

weather and the,t plonts with spree"ding terminals were less subject to 

a.tk,ck. Smith (1933) mentioned a report of similar dam&ge from the 

Walla We.lla distric·!; in W2!shington. Walton and Ashdown (1951) reported 

serious infestations in Oklahoma dm·ing the fE;lls of 1949 and 1950 with 

lighter infeste,tion on the spring crops. 

Control 

Control measures on various crops have included. discretion in 
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fertilizer use, shallow planting, early and late planting of crops, 

suberizing of potatoes, chemical treatments applied to soil and seed, 

poison be.it and repellents. 

Damage appeared more severe where heavy applications of barnyard 

manure were applied before planting (Smith 1933). In the South l!tlan­

tic States where this insect is a serious pest of potatoes, suberizi11g 

the cut potatoes before planting proved effective. Chemical treatmen·ts 

of sulphur, organic mercury compounds and mercuric chloride tended to 

increase damage (Reid et al. 1940). !lccording to Reid (1936), the most 

severe infestations, especially in beans, occurred in soils with the 

greatest quantity of organic matter. Methods of prevention, such as 

using commercial fertilizers in place of' organic materials, h!:lve been 

recommended. Chittenden (1902) recommended soaking sand in kerosene 

and placing around the young seedlings. Shallow planting of beans has 

also been recommended. (Hawley 1922) • Seed treatments as a control 

were ineffective on beans in New York. Chlordane and benzene hexa­

chloride reduced maggot injury to some extent (Restich and Schwart 

1948). Turner (191�6) found no marked reduction in damage to beans 

seed-tr0atcd with Spergon e.t J per cent DDT. Aldrin, chlordane, diel­

drin and lindt:me gave satisfactory results as seed-treatments on beans. 

DDT, parathion and toxaphene did not prove satisfactory (Howe et al. 

1952}. Howe and Schroeder (1951) obtained effective results combining 

fungicides with dieldrin and lindane as a seed treatment. Lindane com­

bined with a suitable fungicide gave control on beans (Lange et al. 

1951). Chlordane and BHC were effective on seed corn in Louisiana 

(Floyd and Smith 1949). Chloropicrin and DD (a mixture of dichloropro­

pylene and dichloropropane) reduced injury to fir seedlings in a 
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nursery (Breakey et al. 1944). Hawkawa et al. (1933) found that 

several mixtures consisting of pyrethrum and wood ash, tobacco pow-

der and wood ash, naphthalene and wood ash tended to inhibit oviposi-

tion when spread over a field in large amounts.· In a single repellent 

test conducted with tobacco compounds using nicotine resinate, tobacco 

oil and al{) 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-

dane and dieldrin as soil treatments. Lindane treated plots in this 

test showed an increase in plant stands of 102 per cent when applied 

at one pound per acre rate. Dieldrin applied at two-thirds pou:n,d per 

acre showed an incr3ase of 32 per cent. F�w accounts appear to be 
) 

available involving control attempts on foliage infestations. Larval 

populations on foliage were reduced from 58 to 69 per cent using high 

pressure, high volume spray applications of chlordane, lindane and 

dieldrin •. Lindane gave the highest reduction when applied at one 

pound per acre while dieldrin when applied at two-thirds pound per acre 

was almost as effective (Walton 1951) • 

!!..... cilicrura is subject to attack by natural enemies when in 

certain stages and when either above or below the soil surface. Chit-

tenden (1902) mentioned records of!!..... cilicrura adults parasitized 

by a fungus disease Empus americana Thaxter. Miles (1950) reported 

parasitism by the nematode Heterotylenchus aberran Bouien. Among 

insect enemies Reid (191{)) recorded Xylocrabro stirpicola Packard, 

Aphaereta muscae Ashmead nd several species of spiders attacking 

!!..... cilicrura. The follo ing irds ore also listed: English spar ow, 

Passer domesticus (Linnaeus); p lm warbler, Dendroica paL�arum (Gmelin); 
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crested mynah, �Jar .2,ristate1lus (Linnaeus); b�ack swift, 

Nenhoecetes n:i.g(}£. (Kennerly) ; and old-squaw duck, Clani:t\Ils!, hyemelis 

( Li nm.:. (:lU s) • 



f'ilBTHODS AND MATE...11.IP...LS 

I'rapping records were te,ken during the ft,11 growing sea son from 

September :23 to J\Tovembar 22, 1952, r..nd from September 12 to Novembar 22, 

1953 at Stilh,ra JGer, and at Bixby fror;1 September 17 to Wovember 17, 1953. 

For these records, e. 12 11 xl2 11x411
, 16-mesh screen wire trap was used. 

The top of the trap wa !3 :f.i tted with a 4-inch plywood square on which 

8, 2-inch screen funnel wi;.s inverted. The funnel wes grooved to fit

either a q_uart jar or e screen cylinder • Te,nkfige ( a mixture of dried 

1c;11imal residues) was used for bait in all traps. 

The positive phototropism of the flies was used in removi�1g them 

from the t:'aps. The quart jars or screen cylinders were covered with 

a dark cloth and a cloth sleeve was fitted over the open end of the 

jar or cylinder. The mouth of a glass vial which was exposed to light 

was inserted in the cloth sleeve. With this arrangement, the flies 

crawled from the darkened container into the vial where they could be 

conveniently handled and examined. 

Cages were constructed fro;n 16-mesh screen wire, each cage measur­

ing five inches in die.meter and four inches in height. , bla.ck cloth 

was ple,ced on top of the cages, since by darkening the upper portion 

of the cage, the flies tend to stay nearer the soil and plants. ..l\ vial 

of sugar water with a. cotton wick was used for feeding caged specimens. 

To obtain a supply of eggs deposited in the soil during the fall 

of 1952 and again in 1953, two ca.gas of flies were maintained on pots 

of soil containing tankage but no plants. �s flies in these cages 

died, fresh field-trapped adults were introduced in order to maintain 

8 
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e. density of 25 flies per cage. F..ggs were collected from theso caged

pots by.stirring the soil w:i.th a dissecting needle and then picking 

up the eggs indi viduelly with a damp camel heir brush • 

Eight-inch pots were seeded to spinach using t.he commercial v2ri­

ety Bloomsdale Longstanding. Cages were placed over these pots which 

previously had bean thinned to tln�ae plsnts per pot. Six cages were 

:maintsdned from. September 22 to. November 21 and six from October 15 

to November 20, 1952. Fresh field-tra.pped 2dults were introduced in 

ee.ch cage regularly :;md 20 flies were kep·t ,in each cage. Daily exanti.­

nations were made to collect eggs deposited on foliage and to determine 

if larvae migrated up into the terminal buds. 

Field surveys were te;ken on foli�go oviposition during the fall 

of 1952, the spring and fall of 1953, and the spring of 1954. Subter­

ranean feeding of the larvae was observed in the field during .April 

and November 195.3, and on potted plants in 1952. Foliage feeding was 

observed in the field during the spring of 1953 and again in the fall 

of 1953 on both field and potted plants. 

Rearing Methods 

Eggs from both soil and spinach foliage were used in rearing 

studies in the laboratory. Specimens were observed from the eggs to 

the adult stage by rearings made in the soil and in spinach buds. 

Sm.sill Stender dishes containing a soil and tankage mixture at a 

.3:1 ratio and a small piece of sliced potato were used for soil rear­

ing s. The soil was maintained at a rn.edium moist condition. 

Incubation records were taken at a temperature of about 70° F. 

to 72° F. The per cent hatched and the length of the incube.tion 

period were recordc.:id. Eggs were pleced on top of the soil for rearings 
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made in the soil. For specimens reared on foliage, the eggs were 

placed in the terminal buds. These eggs were also hatched, but no 

incubation period was determined since these eggs were field-gathered. 

However, most of the eggs hatched within one to two days after 

gathering. 

The lengths of the larval stages were recorded for larvae from 

eggs collected in the soil and for larvae reared from eggs collected 

from spinach foliage reared in the soil and on a foliage medium. The 

per cent survival along with the length of larval stage were recorded. 

Studies were made at mean temperatures of about 70° F. and 62° F. 

throughout the larval period. 

All larvae were removed from the rearing medium immediately fol­

lowing pupation and placed in jelly glasses containing a fine silty­

loam soil. The pupae were buried in the soil to a depth of about 

one inch and the soil was kept at a medium moist condition. Records 

on emergence were taken, and durations of the stages were recorded at 

mean temperatures of approximately 70° F. and 82° F. Comparisons 

were made between specimens from soil-collected eggs and from foliage­

collected eggs on different food media in regard to the duration of 

various stages in the life cycle. 

Mounts of fresh eggs collected from the soil and foliage were 

studied for structural differences. Mounts of newly-h tched larvae 

from both egg sources were made and compared as were second and third 

instar larvae reared in soil and on the foliage. Comparisons were 

made by microscopic studies of the posterior spiracles and bucco­

pharyngeal apparatus. Larval mounts were made on standard glass 

slides with Hoyers mounting medium. 
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Control Methods 

ww pressure, low volume control tests were initiated at Muskogee, 

Oklahoma on spinach planted in Janu ry 1953. One spray application of 

each insecticide was applied using a Bean sprayer with hollow cone 

nozzles (1.5 gallons per hour), delivering a volume of five gallons 

per acre at 120 pounds pressure. Nozzles were adjusted about eight 

inches above the plents. Plant examinations were made on each of four 

plots four days after applying the treatment. 

The insecticides used and rates of applications were as follows: 

Insecticide 

Lindane-20% emulsion �oncentrate 

Parathion-25% emulsion concentrate 

Tetraethyl pyrophosphate-25% liquid 
concentrate 

Lbs, Per Acre Applied 

0.4 

O .375 

O .375 

In high pressure, high volume tests t Bixby during March 1953 

on spinach carried over from fall drilled plantings, one applic tion 

for each of methyl parathion and lindane was made at pressures of 200 

and JOO pounds respectively. These insecticides were applied using a 

Bean orchard sprayer with hollow cone nozzles (6o gallons per hour) 

spaced 30 inches apart and at about 18 inches above the plant buds. 

A volume of 50 gallons per acre with 0.4 pound toxicant was applied. 

A random plant sample of infested plants was examined one week later 

from each plot. 

Control tests were continued in the fall of 1953 at Bixby. This 

planting was made on September 12 in three row plots with all rows 18 

inches apart. These plots were 200 feet in length. As 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 applications, a Bean Spartan garden 

sprayer mounted on bicycle wheels was used. Hollow cone nozzlGs (1.5 

gallons per hour) spraying a volume of about five gallons per acre at 

60 to 80 pounds pressure were used in all applications. 

The first application 11as made when foliage eggs were first 

observed and application was repeated three times at weekly intervals 

by which time all foliage eggs had hatched. ll second series of plots 

rece:::rnd three treatments at two-week intervaln. 

Random plants were harvested and examined one ·reek to ten days 

after the second, third and fourth applications on the one-week series. 

Examinations were made after the first and third applications on the 

twq-week series. 

The insecticides used and the rates of applications are given 

below: 

Insecticide 
Lbs, A:i;u2lication 

Per Acre Interval 

Chlordane-42.0% emulsion concentrate 1.0 1 week 
Aldrin-23.1% emulsion concentrate O .25 1 week 
Dieldrin-18.5% emulsion concentrate O .25 1 & 2 weeks 
Dieldrin-18.5% emulsion concentrate 0 .50 2 weeks 
Lindane-20.0% emulsion concentrate 0.25 1 & 2 weeks 
Lindane-20.0% emulsion concentrate O .50 2 ,reeks 
Parathion-25.0% emulsion concentrate O .25 1 week 
Heptachlor-25.0% emulsion concentrate 0 .25 1 week 
Endrin-lS.5% emulsion concentrate O .25 1 week 
Chlorthion-25% water wettable powder 0.25 1 week 

With tho exception of chlorthion which was a water wettable pm.der, 

all materials were applied as emulsions. Chlorthion is an organic 

thiophosphate having the formula, o, o, dimethyl, o, 3, chloro-4-

nitro phenyl thiophosphate. 

In a third block, certain materials were applied at 500 pounds 
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pressure 1.,Ti th a Bean orchard sprayer using hollow cone nozzles (60 

gallons per hour) supplying 125 gallons of spray per acre. One appli­

cation for each of endrin, lindane, parathion, and chlorthion was made. 

The number of damaged ple.nts and number of live maggots found were 

recorded four deys after treatment. 

When foliage eggs were first observed on February 2?, 1954, addi­

tional tests were initiated at Bixby on the carry-over crop. This 

planting -was made in October in three row plots, 18 inches apart and 

600 feet in length. A total of six weekly applications of endrin, 

lindane and parathion were applied on each of two replicates. .Appli­

cations were made s.t 350 to ,400 pounds pressure, using a Bean orchard 

sprayer with hollow cone nozzles (60 gallons per hour), adjusted eight 

inches above the plants. Insecticides were applied at 0.5 pou.�d per 

acre in approximately 100 gallons of water. _A random sample of 125 

plants from each of two replicates was taken seven days after the final 

application • 

. Additional control·tests were conducted on spinach planted in 

January with an additional variety (Giant Noble) being introduced. 

These plantings were made in four row plots, 600 feet in length, and 

spaced 16 inches apart. The first applications were made when foliage 

eggs were first observed and continued weekly 1mtil three applications 

were made. All applications were applied as mentioned in the preceding 

paragraph, except in this test approximately 150 gallons of water per 

acre were B,pplied. Endrin, lindane and paratliion treatments were applied 

on the Bloomsdale Longstanding variety. Additional parathion treatments 

were tested on the Giant Noble variety. Random samples of 100 plants 

from each of four replicates were taken two weeks after last treatment. 



EXPgH.IMEN'l'AL S'I'UDIES 

(1) A.dul t Ac�;ivity

Field observetions and trapping rocord::: indicate thn.t H. cilfo:cur{l

edul ts sre D1or1t ohundeJ1t in Oklahoma, frolil .September to early November, 

( Table 1) • Mult s lrl8iY be found 

throughout the yee;r but are fow in numbm· during the coldest pc,:ct of 

the winter 0,nd during th,:i smm:10:r· months. Durix,g periods of gre&te:c rt; 

activity, adults art3 porticuhrly ubundmYti in freshly cultivated fields 

ni;yi:Ldae and to ·the cc:,sue,l obsm:·ver resembles house flv (Firn1re 
tf c;, 

1) • The body measur,as 3 to 5 mn in length. Th<3 thorax mey i/1:?,ry :tn

color from 2 yellowish g:r2,;r to blsck. The c.bdomon s 13J.end.f1r, 

each segmeu-c being marked off by e nerrou hLs:ck ber'd o 

.::, on &rni:d:;he1· condi t.icrns. Observa-

tions on cr�ged specimens shmved limited activity of edult flio s 2t tem-

however, 2t temperatures ne2r freezing. ,1dult 13etivi ty was largely 

inhibited during periods of 1,rlndy ond Z',d.ny weathe1·, and no activity 

w;:,s obsorved a,t :ri.ght es the £1dult e.ppee:r·ed to rer:rG on the soil i:md 

the :'lides of the cr:,;ge. 'I'hese ohse:rvc::tions cgree idth studies me,de 

Durinu in the field 

w�r, gr·eeter during the coolEJr portioirn of the dcy with fl1Gs usually 

14 

Biologictl R(asults 

2.ppea:c 

'.l.'hs dog:r·ee of ectivi 

P''::'.''t°liures bolow 50° F. end above 85° F. S0Ir1e ;;,ctiv:Lty wcs obscI'Vod, 

tures, ~ault ~ctivi 



Te. ble 1 • Humber of � cilicrlJ!E.. (Rond .) adults trapped in 
1952 and 1953 
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......... :--··-.... --.....,._,.,..,..--· ·----- _,_.,,._. --·-·-· -" --=-"--�-=�--..,,.,.------,-=------,,,_,..,�=�-

1952 1953 1953 De.te ____ Stillwater ___ Jtillwater ·--- _ Bixh:L_. . .

Sep�.t. 

12 
13 
11� 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Oct, 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1? 
18 
19 
20 

(Continued) 

6 
3 
6 

1 
9 
9 

14 

4 
10 
10 
10 

7 

7 

11 

40 
30 
25 
25 
10 
21 
10 
12 

7 
8 

6 
4 

6 
6 
7 
5 

20 
23 22 
3 18 

14 30 

11 25 
12 4. 
14 37 
16 28 
20 16 
45 43 

4 
26 4 
30 4 

8 0 
3 0 

16 0 
13 29 

9 3 
12 15 
8 9 
c', 4 0 

5 6 
3 22 
8 26 
6 4 
5 25 
5 25 

11 25 
10 46 
15 130 
15 8 

9 29 
17 43 
20 22 
30 

(} 
0 



Date 
1952 

---� Stillwater 

Oct -�

21 21 
22 25 
23 35 
24 15 
25 12 
26 14 

27 13 
28 15 
29 12 
30 13 

31 30 

25 
2 1.5 
3 5 
4 l.5
5 10
6 20

7 12 
s 15 

9 10 
10 5 
11 15 
12 25 
13 15 

lli, 14 
15 11 
16 15 
17 0 

18 0 
19 0 
20 0 
21 0 

22 0 

16 

"'=''"""' ·- --""-""--.. --.... ------­=-.... ---... ---·---·- ·�·--

1953 1953 
Stillwater __ _ B;i.xl;u!: __ .. 

Jl 5 
9 '� 

9 5 
10 10 

0 5 
0 6 
0 4 
0 0 

5 0 
4 0 
3 0 

4 14 

3 6 

4 5 
.3 3 
3 3 
0 0 

0 0 

0 0 
1 0 
0 0 

2 0 
1 0 
0 0 
0 0 

0 0 

0 0 
0 0 

0 
0 
n,_ 

0 

0 

------- _______ _____ h __________ 

-- No record 

-·------~ . .,,------.,-=.,,,=-=--""""- --· _ ... _ --- ___ _..,,____ __ ==,,--..,,..-"' __ _ 
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being most e.ctive in the ee!rly mor:ni:ng and le.te sSternoon hours. 

When periods of high tempera,tures prevail, adults usually seek cool, 

moist pleces ·!:;o rest, but when temper1:itures were favorable, they were 

observed hovering over fields and spine,ch plants. 

(2) Oviposi tion in Cages

Eggs of H" g_iliQrura field-trapped adults were deposited freely

in end on the soil surface in cages where a small amount of tznlrnge 

was incorporeted in the first inch of soil. Oviposition was inhibited 

by extremely dry or extremely wet soil conditions. £i medium-moist 

soil we.s preferred. Eggs were deposited singly or in groups, as many 

as 20 eggs were found in one group. Eggs of the seed-corn maggot were 

of normal anthomyiid ::;hape, white in color, elongate-ovoid with t;he 

posterior end blunted (Figure 2). The eggs me�rnured about .35 mm in 

width e.nd a bout 1 mm in length. The outer chorion was reticulated. 

Folieige oviposi tion 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 ne2r the mid-rib of a 1arge leaf. 

Oviposi tion in the soil e,round caged plants wa,s observed frequently 

throughout the entire study. A.ppcirently environmentEl conditions 

conducive to foliage oviposition did not exist in this test. It 

should be noted, however, the,t very few foliage eggs were observed in 

the field during this same period (Teble 2). 

No attempt uas made to determine the average number of eggs per 

field-trapped female in these cage tests. Reid (1940) found one 

field-trapped female to oviposit J,,,_9 eggs in one day. 

(3) Oviposition in the Field

Adult feil'l.?.les in the field seek moist soils rich in orgaxdc



Figure 1. !dults of tho seed-corn maggot,
Hylomya cilicrura. 

Figure 2. Hvlomva cilicrura eggs collocted fror:i 
tho soil. 
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Table 2. Foliage oviposi tion and infestation by .H.s cilicrur9J on 
four spinach crops at Bixby, 1952, 1953 and 1954. 

Date Number Per Cent of Plants 
of Plants 

19 

Examined Examined With Eggs With Larvae Damaged...,m:.�-� 

Fsall 1222 
Oct. 31 1,000 0.7 

Nov. 7 1,500 O .3 

§.Bring 122� (Carry-�ver crop)
llpr. 10 100 47.0 

Apr. 17 100 5.0 

F�ll l22z 
Oct. 20 500 0 .o 
Oct. 27 350 O .5 

Nov. 3 250 36.o 
Nov. 10 50 18.0 
Nov. 17 100 0 .o 

Nov. 28 150 o.o 

S12rigg 122li: (Carry-over crop)
Feb. 27 
Mar. 4

Mar. 11 
Mar. 18 
Mar. 25 
.Apr. l 
Apr. 8 

S12ring 125lii 
Apr. 1 
Apr. 8 
.Apr. 15 
Apr. 29. 

S:Qrina 19!2'1:
*I�

Apr. l 
Apr. 8 
.Apr. 15 
.Apr. 29 

*No record 

100 4.0 
200 0 .o
100 54.0 
100 5.0 
100 22 .o
100 16.0 
250 ----* 

100 10.0 
100 11.0 
100 5.0 
400 2 .o

50 10.0 
50 35.0 

100 2.0 
400 1.0 

0 .o 0 .o
o.o 0 .o 

14.0 26.0 
15.0 40.0 

o.o 0 .o 

0 .o 0 .o
o.o 0 .o 
8 .o 8 .o

36.6 36.6 
18 .o 35.0 

o.o 0 .o 
o.o o.o 

o.o o.o 

2 .o 2.0 
10.0 10.0 
14.0 14.0 
15.0 25.0 

o.o 0 .o
1.0 1.0 

29.0 29.0 
----* 15.0 

0 .o 0 .o 

0 .o 0 .o
11.0 11.0 
----* 21.0 

*i}Giant Noble, a flat-leaved variety, introduced for comparison
with Bloomsdale Longstanding. 

________ ,_,__,,....--,....,-~.,~..-x--,.·,,....--~........-,_,,_,., __ .,.._,~,--=o-··o•~"'~-.,;.,-"'"",'-~~-"'--
"""''=" ___ , --...-,_-,.,.,_u•.<;., ___________ •--«~----··,--.,..,. ___ .,~.,---·--"'-' --·-' _....,,,.~•···-

------------,,~ 
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matter to oviposit. The f vorite oviposition sites appear to be on 

or near sources of larval food, especially where sprouting seeds and 

decaying vegetation are abundant. Freshly cultivated fields appear 

most suitable. This increased attraction may result from the in­

cre sed amount of organic _attar exposed on the soil surface. Eggs 

were found on and in the soil and in SD 11 crocks beneath plants and 

in the spaces )etween plants. In many instances where e s were 

observed beneath the plants, eg"'s were also found on the foliage. 

!:L. cilicrur� females oviposit freely on spinach foliage during 

certain periods of adult activity (Figure 3). Apparently some envi­

ronmental factor or factors, possibly moisture and temperature condi­

tions, stimulate the female to oviposit on the plant. In selecting 

spinach plants on which to deposit their eggs, the females usually 

choose average to large size plants 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 small plants. The soil organic 

matter content appears to influence oviposition on the foliage as more 

eggs were found in areas where decaying organic materials were incor­

porated in the soil. The attracting influence of organic matter 

usually results in heavier ovipositiori on certain sections uithin a 

field. This increased foliar oviposition may be a result of a con­

centration of the fly population in these areas by the attraction of 

the organic matter. Infested plants are also favorite sites for egg 

deposition. Apparently the odors emitting from decaying plant tissue 

also attract the ovipositing female. 

The eggs were found in all parts of the foliage, but over 75 per 

cent were located on the small leaves directly in the terminal buds. 
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Some eggs were collected from the outer leaves, usnglly nee:r the mid­

rib of larger le2;ves. Eggs were also collected from the petioles end 

in a fow instances were found attached "to the underside of large 

loaves. Th:Ls confirms a report by Brooks (195-1) who found some eggs 

in small clumps on the stems and leaf petioles. The eggs are attached 

on oviposi tion with .'.?tn adhesive 111:3terial :secreted by the fem(lle and 

sra uuu.2:lly firmly attached to the spinach le,wes. J!'or extent of 

foliage c-idpor:1i tion, see Table 2. 

During field :surveys, eggs were noted nea:r the ln:rne of spinech 

plant,s. In many instrmces, eggs were deposited directly in contact 

with the plant and the soil, usually be tire en the stems and surrounding 

soil. It should be noted that foliege eggs were usually 2lso present 

on pl&nts where eges were found at the base. 

( Li,) Larval Adi vi ty 

'fhe larvae were yellow to whi t;e in color ,;1nd cylindrical in she,pe. 

There were 12 segments :including the head, all of uhich were legless. 

The larvae veried in size from abou-t 1 nm for newly-hatched larve,e to 

ehout 7 mm for mature ls,rvae (Figure 4) • Young l2rvae were e,ctive 

upon emergence from the egg and moved about in search of food.� Usually 

they grouped together; however, isolated moggots were found. After 

hatching, the lsrvae usua.lly moved downw2rd regardless of whether they 

were in the soil or on the plants. The Lrrvae were omnivorous and os 

they raigre,ted downward, they fed on any organic materials which were 

a.vr,dlable. In many instences, the germinsting seeds and seedlings 

were killed by the subterranean feeding. In stud:tes of flies caged 

over spinach seedlings during 1952, subterranean feeding in the soil 

was observed on four plents in three different pots. l'lo feeding was 



Figure 3. Bloomsdale longstanding spinach plant 
showing eggs of Hylemya cilicrura on 
the bud leaves. 

Figure 4. Hylemya cilicrura larvae, seven and 
thirteen days old. 

22 
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observed on 21 plants in the other seven pots, although all stages 

of larvae were found in ·the soil. 

Subterranean feeding of l:srvao WBS also observed on spint1ch seed­

lings in the field during ll.pril 1953. In one exa;11i.nation, 12 maggots 

were obse:F11ed feeding on roots of two plants. These larvae were near 

the soil surfsco and were estim.eted to be in th8 late second ins·tar. 

Exarninstion of 100 plents in thEi field during November 1953 showed\ 

subterraneein feeding on one plv.nt. Three third inster maggots were 

found feeding on the main root just boloH the soil surface. This 

ple,nt also had one maggot feeding in the bud. Nany larvae were in 

the soil 1:.1round each of the 100 plants, but feeding was essentially 

limited to the tankago wh:.i_ch lwd been mixed in the soil around these 

plants. Le,rvae grown in a mixture of soil, tankage and a smi:;ll p:1.ece 

of decaying potato fed on the tankage as well es on ·bhe potato. Larvae 

were not observed to feed on the pote,to until they were four to five 

days old, e,nd apparently their earlier subsi:Jtence depended on the 

tankage or other organic materials in the soil. 

!L. cilicrura larvae have been i"eported as at·hacking only plant 

tissue on which there e.re living micro-organisms. Huff (1928) reared 

maggots from egg to adult on pea and bean seedlings free from bacterie, • 

. �pparently under normal field conditions, micro-organi smA aid tl::d. s 

insect's development by preparing suitable substrate, for feeding as 

decay usually eccom:panies damage on spin:;Ich as well as other seedlings. 

Field observations showed t,hat plsnts with tight terminal bud 

growth were more subject to attack. Smith (1933) found that plants 

with loose open bud grotrth were less subject to attack. The le;:i:·vae 

fed by rasping the tissues, and the snialler tender leaves in the bud 
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were the favorite feeding sites. Developing leaves were destroyed 

and the damage with the accompanying decay gave a brown to black 

appearance to infested spinach buds.(Figures 5, 6, 7, 8). In cage 

studies where larvae were grown from egg to adult in the bud, this 

black discoloration started three days after the eggs had hatched. 

As the larv�l period neared completion, the damage became more pro­

nounced and usually by the time the larva left the plant to pupate, 

some stems had been entered. Larvae of vs,rious sizes \..rere found in 

infested spinach buds and in many cases all three instars were found 

on the same plant. In some instances large maggots were removed from 

inside the stems, especially after the bud had been completely de­

stroyed. Usually the spinach plant survives foliage infestations, 

but occasionally a wee.k plant succumbs during heavy attacks. Me,lformed 

plant growth usually follows bUd infestations and many terminal buds 

were damaged or completely destroyed. 

Pupal development wes generally completed in the soil, but in a 

few instences, puparia have been found on the soil surface and on and 

in infested plants. In the latter cases, puparia were found in the 

terminal buds and inside the petioles. When fir st formed, the puperium 

appeared red to brown in color and became dnrker as the pupal period 

progressed. The length of' the puparium averaged approximately 5 mm 

(Figure 9). 

(5) Source of Infestation

(a) Oviposition on spinach foliage

'During these investigations, it was noted that serious infesta­

tions followed periods of heavy foliage oviposi tion. This is shown 

by comp!:';risons of' the foliage oviposi tion records with the infestation 



1"'igure 5. Plant infested W'i th ltylemy;a cilicrura 
larvae compared with a non-infested plant. 
Note the injury in the terminal bud. 

Figure 6. Plant showing injury by larvae 
of Hvlemye cilicrure • 

25 



Figure 7. Non-infested plant showing no 
injury to the terminal bud • 

Figure S. Infested plant showing severe damage 
to the terminal bud and leaf petioles� 

26 
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Figure 9. Puparium of' Hylem,ya cilicrura 

--- - - ------
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records for the fall of 1952 and the spring and fall of 1953 (Table 2). 

It should be noted that 20 to 60 per cent of the plants Yith foliage 

eggs later became infested or damaged·(Table 3). In the f�ll of 1952, 

a total of 2500 plants were examined. Weekly examinations were made 

during the period from September 15 to December 1. It may be noted 

that a very small per cent of plants had eggs on the foliage, the 

maY.imum being only 0.7 per cent on October 31 (Table 2). No larvae 

were found on the foliage during the entire growing season. Apparently 

environmental conditions were not conducive to foliage oviposition or 

larval infestation of spinach foliage. 

Following periods of heavy foliage oviposition during late 

February, March, and early April of 1953, a serious foliage infestation 

developed at Muskogee and at Bixby • .No records are presented on the 

extent '6f folfage oviposition at Muskogee since many of the eggs had 

hatched before the field surveys were initiated. However, many plants 

were observed with foliage eggs a11d a total of 21 per cent of the 

plants were infested in ¥18,rch. 

Eggs were found on 47 per cent of the pla_nts et Bixby when the 

first examination was made on 6\pril 10, 1953, and at that time, 26 

per cent of the plants were infested or damaged. When the second 

examination we.s completed on April 17, !.{) per cent of the plants were 

damaged.. This was a 14 per cent increase in plant damage during this 

seven-day period. 

Oviposition records were taken weekly at Bixby from September 

to December during 1953 (Table 2). The total nwnber of plants with 

eggs could not be recorded because many eggs hatched between the 

weekly exa:mi.nations. At the peak of foliage oviposi tion on November 3, 



Table 3. 

Date 

.. April 10 

Nov. 3 

Nov. 3 

Nov. 3 

Nov. 3 

Nov. 3 

Nov. 1

The effect of foliage oviposition on the development of larv'al infestations in spinach 
buds during 1953. 

Nu:1her Per Cent Location Source of Location of Date Plants Plants . and Eggs Eggs Examined Examined Infest� Type of Test 

Bixby-Field* 

Stillwater-Lab** 

Stillwater-Lab** 

Bixby-Field 

Bixby-Field 

Bixby-Field*** 

Stillwater-Field 

Foliage 

Soil 

Foliage 

Foliage 

Foliage 

Foliage 

Soil 

Foliage April 17

Foliage Daily 

Foliage Daily 

Folia.ge Nov. 22 

Foliage Nov. 30 

Foliage Nov. 30 

Soil Daily 

IJ) 35 

5 20 

5 20 

56 51 

44 54 

11 60 

120 o.8

*Plants staked in field
**Plants seeded in pots in insectary 

***Plants caged in field 

I\) 
'° 
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36 per cent of the plants contained folie,ge eggs. Eggs were first 

no·ted on October 27, but only two eggs were found on this date. 

E::mm.ina,tion of 100 pl�nts one week later indicated an 8 per cent 

larval infestation while 18 per cent of the plants had eggs on the 

foliage. On November 17, no foliage eggs were observed and 36.6 per 

cent of the plents were infested on that date. U though a nature,l 

lag occurred, this pronounced increase of the infestation during

this seven-day period suggests that some of the small le,rvae were 

overlooked on l'fovember 10. When the fi:nel examination uas me,de on 

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

were infested or damaged. 'I'he absence of maggots from s, portion of 

the damaged plants appeared to be caused by pupation since no hirve,l 

morte,li ty was observed • 

Records were t1cJrnn on foliage oviposition from February lt, to 

April 29, 1954 on carry-over and spring pl,mted spinach (Table 2).

Folisge eggs were first observed. on the carr·y-over plants on February 27 

when 4.0 per cent o.f the ple.nts contt':ined oggs. No foliage eggs were 

found when ple:nts were ag�dn examined on f·farch 4, but on March 11 eggs

were found on 54 .o per cent of the plants. Plant examinations one 

week later showed ri 2 .o infeste.tion wit,h first :i.nstar larvae. At 

this time the soil we s extremely dry and many of the plant buds were 

full of dust particles G!S a result of blowing dust. These unfavorable 

conditions appear to hti'Ve reduced the developing infestation. Foliage 

ovipositio:n continued during the next three weeks on the carry-over 

crop and weekly surveys showed from 5 to 22 pe�c cent with eggs and 2 

to 15 per cent of the plants infested. When the final sample of 250 

plants 1,ras taken on April 8, 25 per cen-t of the pl1mts were damaged. 
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Ovipos:t tion on th,3 spring pli:ntecl 

on April 1 whm:1 eggG ·were found on 10 per cent of the plents (Tsble 2). 

Examinetion of 100 plsnt::1 from the Bloorn.sdale Longstandir1g planting 

showed 11 por eent wi t,h f'olie.ge eggs ond l .o A 50 nlent 

SC:Iflf)le fror;1 the G:1rmt Noble plo·!;s showed 35 pGl' cent of the 

plants i:ri th ep;gs, hut no larvce wore obseI·ved. This w1::,s the highest 

lovel of ovipositicn recorded on tho spring crop. On 11.pril 15 Blooms-

dcle Lon,'c';stcnding plant,s showed t?, 5 per cent egg i11feDktio11 e 

cent cmd 11 

per cent infost2.tir.ms, resp0ct:Lve1y, for Gie.nt Hoble plnnts. 

of the B1oomsd01le Longstending plents wero found 

a 21 p13I' cent on the Gicnt Noble. This inereBse of foliege ovi-

position encl infe:3t1':·tion on the Gfo.nt :i'foble pl,?.nt:Lng w2s not nign::i.ficent. 

The number of eggs depo on fo1iege ranged from one to fifteen 

with the ever·e,ge being e,bout five. l\.s been

r<"n,1oved from en infeE,ted plent; however, the usual rcnge was one to 

six uith rni eve:1°eg0 of two to three rnaggots infested pl2nt. All 

e.11 inst8,rs ue:i."G found on a single plant.

liddi tional laboratory and field studies wer<=J oonduci;ed to doter-

mine the effect of foliage ovipo:xi tion on l2rv2l infE.1ste.t:tons on 

·"ol -'i .,,o·e ,-1,,,,·111,,,. 10 t:;? r::·1··1cl J_q t5?, ( 'I'·,hle .J")�L -.t.,,G >...,,L,(, .... --- l;
:) 

j /C-.J ._., Ii ,P "",..,,. {. � • During Novembor 1952,

:,pecimens in the leho1�i,tory wore plci;ced in thci buds of 14. non-i11festec1 

potted ph:nt,s. Le,te:t obe.ervetfon revealed the.t noe.rly 211 the eggs 

29 per ce:nt lej7'.rel infestetio:n, i1rJ cor.a.pt:red ~,ri th a 2 

When t,he final semple of 400 plentn w2,s hrn~vested, 15 per ce11t 

uith 

hed hetched but no infsstr,tion (~.eveloped. These rc:;,sul,:;s pe.rnllel 
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obsorve,tions me.de in the field during this period and which are dis-

cussed in B;n ee:rlier section. 

In field studies during April 1953, non-infested plents bearing 

eggs on the foliage were staked in the field (Table 3). Examination 

of this group one week fater revealed a 3 5 per cent bud infestation 

with first instar larva.e. 

Duri11t� October 1953, a total of 150 eggs deposited in the soil 

by caged adults 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. .Again no infestation was 

observed in the field during this period. 

In le,boratory studies in Novc'.3mber 1953, another 25 eggs were col-

lected from the soil. Five eggs were placed in each of five buds on 

potted spine.ch plants. Later observations revealed a bud infestation 

on one of these pls.nts. During this same period, another 25 eggs were 

collected from the foliage in the field. These eggs were placed in 

five buds on potted eJpinach plants, each bud receiving five eggs. 

Infestation developed on one of these plents. On ·t.he basis of these 

resu1ts in the l2boretory, no differences appeared to exist between 

the two egg sources e,s one infestation was produced from the soil-

collected eggs and one from the foliage-collected eggs. Note the.t 

during ·the period these bud infestations were produced i:n the labora-

tory, foliage 01.riposi tion was occurring and bud infestations were 

developing in the field (Table J). 'rhus, conditions appeared to be 

favorable for the development of larval infestations on foliage. 

During Nov·a'0.her 1953, a second group of non-infested plants bear-

ing ,sggs were staked in the field and examination of these pl1,mts 19 



days later revealed a 51 per cent foliage infestation (Table J). 

Later exai.:.uns:tions of the ple.nts showed 51, per cent of them were 

demeged or infested. 

33 

ElfNen non-infested. pl1mts bee,ring four to ten eggs per terminal 

bud ,·mre caged in the field at Bixby 011 Hove.rnber 1, 1953 (Table 3). 

Ul the soil in a 10-inch c::rea around ·t.hese plants was removed to a 

depth of one foot below the soil su:dace, and wet sand taken one 

foot below ·the soil sur.
f

i:�ce was placed around ench plant. 'l'his was 

done to eli:rrrl.ne.te any lc;rval migrstion from the soil to the plt!l,nt 

folit;ge. Ex.a.minatlon of these plE,nts on November 30 revealed a 60 

per cont infestation. 

Daily examinations of a third group of non-infested plents not 

be3'ring eggs but growing in infested soil revealed foliage feeding 

in one bud. This plant r:;lso showed evidence of subterrtmean feeding. 

These plants were observed daily from November 1 to December l, 1953 

and all foliage eggs found were remo,i'ed. These records show t:.ba t 

larvae hatched in the soil do not cause rnaJor foliage infestc,tions 

but such infestations result from folfage oviposition. 

Ovi position on ·Urn foliage appeared to be limi t(:id to certain 

periods of the growing season. I11 1952, oviposition on and in t,he 

soil occurred frequently during September and October but no foliage 

eggs were observed until October 31 and these were few in number. 

During 1953, eggs were found on and in the soil from e£1rly September 

until December l; however, eggs were not found on the foliage until 

October 27. In the spring of 1954, foliage eggs were first observed 

on F'ebruar;;r 27 and observed frequently until the spring crop was 

harvested. 



34 

Records for the last few years indicate that temperature, humidity 

and rainfall may influence� cilicrura females in selecting the ovi­

position site, and these factors probably influence any subsequent 

infestation. A severe dr uth was recorded in Oklahoma during the 

last six months of 1952. October 1952 was the driest October recorded 

in Oklahoma history. The rainfall recorded in inches during the fall 

of 1952 at Bixby, Oklahoma w s as follows: September 0.47, October 

o.oo, and November 2.4[). In contrast to these moisture conditions of

1952, above average rainfall was recorded in all spinach-growing areas 

during March, April, October and November of 1953. Rainfall recorded 

at Bixby for these months was as follows: March 4.50, .April 8.oo, 

September 2.40, October 7.38 and November 2.88. During February, March, 

and April of 1954, the rainfall recorded at Bixby was 0.68, 0.93, and 

3.93 respectively which was below normal for this period. It appears 

the low rainfall and low humidity conditions existing during the fall 

of 1952 inhibited foliage oviposition by� cilicrura adults and 

suppressed any infestation which might have occurred. L rvae normally 

develop in a medium-moist soil or tissues within the plant terminals. 

Apparently the moist conditions during early .April and early November 

in 1953 were favorable for the establishment of foliage infestations. 

Although heavy foliage oviposition occurred during early March of 1954, 

only low levels of infestations were reached; however, heavier infesta­

tions were observed from late March until the crop was harvested in 

late April. The maximum infestations recorded in 1954 were so1ewhat 

lower than those for the same period in 1953 (Table 2). Unfavorable 

weather conditions may account for the lower foliage infest tions. 

Analyses of weather conditions show that the mean temperatures recorded 
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for the fall of 1952, spring and fall of 1953, and spring of 1954 ware 

not significantly different. 

Smith (193J) associated foliage infestations with damp and foggy 

weather in the Winter Garden region of Texas. Smith also stated since 

foliage infestations appear during damp weather thst mildew organisms 

might possibly aid the insect in atte.cking plants. No :milck,w or blue 

mold was observed on infested plants during these studies in 1953. 

Plants infested in the laboratory i:;lso appeared to be free of disease 

with no evidence of mold or mildew. 

In a study conducted from lfove:ziber 1 to December 1, 1953 on the 

effect of organic matter on foliage oviposition, 100 non-infested 

plants were ste.ked in the field. A tablespoon of tankage was mixed 

in the soil around the base of each of these plants. Another 20 plants 

were staked in this field but these ple.nts received no tankage. Daily 

examinations of these 100 plants with texlkage revealed 26 instsnces 

of foliage oviposi tion. Or1e instance of foliage oviposi tion was 

observed on the 20 plents growing in soil with no tankage. Other 

field observations duri ng 1953 showed that foliage ov·iposi tion was 

hee,viar on plants growing where h0avy applications of organic f erti-

· lizers had been applied. Heavier foliege infestations were also

observed when plnnJGG were growing in soils rich in organic r1atter.

Smith (1933) and Reid (1936) observed thti,t when all other factoi·s

uere equal, foliage infestations wore higher when plan-tc were growing

in soils rich in organic mate:dals.

The att,racting influence of organic matter on Il.,.. cilicrura 

fe111�les appears to lergely account for the he1:r11ier oviposi tion and 

subsequent infestations found on certain areas within the same field. 
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(b) Migration of larvae from foliage to soil

During November of 1952, a total of 70 newly-h tched larvae from 

soil eggs was placed in 14 terminal buds on potted spinach plants. 

Five larvae were placed in each bud. No infestation developed and 

no maggots were found during later examination of the soil taken from 

these pots. .Apparently all these larvae died before becoming estab­

lished on the plant or in the soil. 

Another 10 larvee eight days old, reared from soil-collected 

eggs in soil, tankage, and potato, were placed in five buds, each bud 

receiving two larvae. No evidence of feeding \,as observed and all of 

these larvae innnediately entered the soil. In this case, four puparia 

were recovered during examination of the soil bout two weeks later. 

During March of 1953, another 17 larvae estimated to be 10 days 

old were collected from spinach foliage in the field and placed in 

buds of four healthy potted plants. No feeding was observed and 

these larvae crawled immediate:!./ from the plant into the soil. 

No larvae or puparia were recovered during later screening of 

the soil in these pots. Apparently the movement to a new feeding 

medium disturbed the larvae and they were not able to complete 

development. 

In November 1953, 48 newly-h tched larvae from soil-collected 

eggs were placed in six buds and one bud showed slight evidence of 

feeding. Examinations of the soil and plants indicated that none of 

these larvae survived. 

It has been observed in the field that in many cases plants 

showed damage but no larvae could be found. It was concluded that 

in most cases the larv e involved had left the plant to pupate. 
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It has been found that pupation begins about 20 days after the eggs 

were first observed on the ple.nts, and as a result, many damaged 

plants without lar-1me were found. a few puparia have been observed 

on the soil surface. In the labore,tory during November 1953, the 

larvae were found to leave the plant and enter the soil about two 

days before pups.tion. 

(c) Migration of larvae from soil to foliage

Larval migretion studies were continued in the insectary during 

October and November of 1952. On October 21, larvae, seven days old 

and reared from soil-collected eggs, were placed on the soil in pots, 

each of which contained three 't.Jell-developed spinach plants. Three 

to four l�rvae were placed in each of eight pots. No migration from 

the soil to the .folie.ge was observed during a period of approximately 

one week. The larvae were not observed to come to the soil surface 

nor was there evidence of them feeding on the foliage. There is a 

question as to how long tho larv.s.e survived, however, since no living 

specimens were found when the soil was screened at the end of seven 

dsys. 

In another test during the same se::ison, observations were made 

on 12 pots siwilar to those described above. As a result of oviposi­

tion 011 &nd in the soil by adults caged on the pots, large numbers 

of larvae in all stages were present in the soil in each pot. Daily 

observations revealed no larval movement occurred during a period of 

36 to 60 days. 

On November 22, 1952, !.{) larvae, five days of age, reared on soil 

and ta:nkage from eggs collected in the soil, were placed on the soil 

in four pots. Each pot containing three well-developed spinach plants 
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received ten lar'l.i'ce. Exarn.lnation of the plants 24 hours ls.ter showed 

three le.rv;:;o feeding in tl:e se.me bud. During dG:ily examinations, 

l!c:cvr;J. movei:11:mt .fror1 plant to plr,nt Wf;IS observed in this one ymt and 

all three plcnts in this pot showed evidence of larvGl feeding during 

this t.hi:cCt-day period. ExerninDtions madG during the next few days 

did no·i:; revBe.1 the larvae to be on the plants nnd it was assumed that 

they 0ntered the soil. 

During tho fall of 1953, 100 non-infested plants were stc,.ked in 

the field. A te,blespoon of ta:nk1:ige was incorpo::."'ated in tho soil around 

each plant. �'ls e. result of hoavy ovipod tion in the soil and tankege, 

c. lerae population of d.-)veloping le.rve.e were present around each of

those 100 plants. These plsntc were oxerninod daily froi:1 Nover:1ber 1 

until December 1, and all folfage eggs found on thane plants were 

removed. 0:n November 30, one second instar maggot was observed feed­

ing ir. e. terminal hud and 'l;hree third inste,:i:• maggots were found feed­

ing on tho underground stems o:f this phnt. Ho other foliage feeding 

w2s observed during this period. 

I:n the s::<ime field, c; second group of 20 plants were staked, but 

in this case no tar...kage 1.-nrn e.dded to the soil. ·ren freshly-laid eggs 

were collected from the soil in the field �nd placed in the soil 

s.round each of thesi.3 20 plants. Daily observc.tions were made from

November 1 to December 1 and f?,11 foHs.ge eggs found on these plants 

uere I'e;:-aoved. rfo folinge infestetlon was observed on those plimts 

and e:x:emirw.tion of the soil around them on December J. revealed only 

three third instar lerve.e around two plnnts. 'l'his low soil population 

wes in contrast to the hee:vy infest2tion in tho soil-tar.Jwge :;:uxture 

nentioncd ebove. 
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This evidence indicates 4Ghat some le,rval nligre·tion may take 

place in the field; however, it appears to be limited and foliage 

oviposi tion appi:,rently accounted for the heavy foliege infestation 

observed during these studies. 

(6) Duration of Immature Stages

(a) Egg

The hatching periods for H. cilicrura eggs are given in Table 4.

Records are shown for eggs collected from the soil and for eggs col­

lected from the foliage. Th0 incubation period for soil eggs ranged 

from one to three days 1.-rl th a moan of 1.66 and 1.53 days at mean -tem­

peratures of 70° and 72° ]'. The range in days for foliage-collected 

eggs w.s,s one to two days with a mean of 1.2 de,ys at 70° F. (Table L,). 

It should be stated in this case that these folia.ge eggs were field 

gathered and the exac·t time of oviposi tion and the temperatures they 

were subjected to in the field are unknown. Apparently this accounts 

for the slight difference in the incubation period recorded for tho 

foliege eggs. In these studies, 90 per cent or more of all eggs 

hs:tched. 

(b) Larvl':1

The length of the larval period fo1· larvae hatched from soil­

collected eggs in November 1952 and reared in soil, tankage and potato, 

were found to sverage 15 .6 days at a mean temperature of 70° F. with 

a 72 per cent survival. In comparison, foli,9go eggs were collected. 

in November and reared unde1� the same conditions. The average length 

of ·this ste:ge for this group we,s 15 .2 days with 8'7 per cent sur"viving 

to the pupal stage ( •ra ble L,,) • 

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



Table 4. Duration of irn.mature stages of th cilicrura during 1952
and 195.3. 

== === =::: 

Rearing 
Number Range 

Mean Per Cent Mean 
Source of il'l 

Medium Specimens .. !Liu:s 
Days Survival Temperature 
=<�--

filill§ 
70° F. Soil Soil 20 1-3 1.66 90 

Soil Soil 30 1-2 1.53 90 72° F.

Foliage Soil 45 1-2 1.20 93 70° F.

Uu1.VAE 
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 ll,.4 68 62° F. 

Foliage Soil 24 ---20 20.0 10 62° F. 

Soil Foliage 6 24-25 24.5 33 62° F.

Foliage Foliage 4 --25 25.0 25 62° F.

PREPUP.A & PUP.A 
Soil Soil 13 16-17 16.7 100 70° F.

Foliage Soil 12 14-17 15.4 100 70° F.

Foliage Soil 2 9-10 9.5 100 82° F. 

Soil Soil 15 16-18 17.0 93 70° F. 

Foliage Foliage 3 15-18 17 .o 100 70° F. 

Soil Foliage 2 11-1.3 12 .o 100 82° F. 

Foliage Foliage 1 ---12 12.0 100 82° F. 

Foliage Foliage 4. 11-12 11.7 100 82° F. 

Foliage Foliege .30 11-12 12.0 86 82° 
F. 

~ ... --· ........ ---=- -----·~- -



using soil, tankage and pot to as the rearing meditUn. The average 

larval period for this group was 14.4 days at 62° F. In this case, 

68 per cent survived to the pupal stage. Another group of larvae 

from foliage-collected eggs was studied under the same conditions 

during this period. The average days required to complete develop­

ment was 20.0 and only 10 per cent survived to the pupal stage. 

In this rearing, the meditUn became heavily infested with mold which 

may have increased larval mortality (Table 4). 

Larvae from soil-collected eggs feeding in the buds required an 

average of 24.5 days to complete development at 62° F. The larvae 

from foliage-collected eggs required 25 days to reach the pupal stage 

under the same conditions (Table 4). Note that larvae reared in the 

soil media developed faster than larvae reared in the spinach buds 

when rearings were made at the sar e temperature. The larvae required 

8 to 10 days longer to complete development in the spinach buds. The 

duration of the l&rval period for li..,. cilicrurq depends on the tem­

perature as well as the feeding meditUn. Within the optinmm temperature 

range, the length of this period decreases as temperature increases. 

The er cent survival for larvae feeding on the foliage was lower 

as it may be noted that only two plants were infested in the laboratory. 

(c) Prepupa and pupa

Specimens kept at a mean temperature of 70° F. required from 14 

to 18 days to complete the pupal period while those at 82° F. completed 

development in 9 to 13 days. The per cent survival ranged from 86 to 

100 in this study. 

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

differences in egg source or food supply. Temperature appears to 



deter.mine the length of this stage. Within the optimum temperature 

range, the pupal period becomes shorter as the temperature increases. 

(7) Structural Comparisons of Foliage and Soil Specimens

To consider the possibility that two or more population of flies

were involved, adult flies collected fror'.l field traps, adult flies 

reared from eggs in the soil and adult flies :reared from foliege eggs 

in the soil were submitted to the Division of Insect Ide11tification 

of the Bureau of Entomology and Plant 1;;zuarantine, Washington, D. c.

in 1952. These specimens were determined by C. W. Sabrosky as being 

Hylemya cilicrura (Rand.), the seed-corn maggot. 

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 reared in the soil from eggs 

collected from the spinach foliage, adults reared in spinach buds from 

eggs deposited on the foliage, and adults reared in spinach buds from 

eggs collected from the soil. ill these specimens were identified as 

Hylemya cilicrure. 

Fresh slide mounts of!!... cilicrura eggs collected from the soil 

were compared with mounts made from fresh foliage eggs. No morphologi­

cal diffe.rences were observed. 

Slide mounts of various larval stages were made in the laboratory. 

Examinations were made of the posterior spiracles, buccopharyngeal 

apparatus and general body structure. Mounts prepared from larvae 

1, 7 and 13 days old hatched from eggs collected on the foliage were 

compared with mounts of larvae of the same age which were hatched from 

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

in the soil were also compared with mounts from larvae collected from 
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the foliage. No structural differences were noted. 

Pupal cases were taken from rearings made using both foliage 

and soil eggs on different feedj.ng media. No structural differences 

were noted upon comparison of these specimens. 

Insecticide Tests 

Tests to control the seed-corn maggot on spinach foliage were 

conducted in the spring and fall of 1953. Ten insecticides were 

tested in spray formulations. In two of the tests, applic tions were 

made with low volume, low pressure sprayers and in the other two 

tests, a high volume, high pressure spray was used. 

(1) Low Pr.assure, Low Volume Application

On March 28, 1953, single applications of concentrate spr ys of

lindane, parathion or tetraethyl pyrophosphate were made to the estab­

lished foliage infestation at Muskogee, Oklahoma. At the time of 

treatment, the pl nts in this test were of medium size and character­

ized by loose, open bud growth. The larvae infesting these plants were 

estimated to be in the second instar. Four days after treatment a 

random sample of lJ) infested plants was taken from the four replica­

tions. The reduction of foliage larvae when compared with the untreated 

chec� w�s as follows: lindane 70 per cent; parathion 70 per cent; and 

TEPP 6JJ per cent. 

Additional control tests were continued at Bixby, Oklahoma during 

the fall of 1953. In this test four applications of concentrate sprays 

with eight insecticideo were made to the foliage (T ble 5). 

The first application was applied on October 27 when the first 

foliage eggs were found. Note that only 0.5 per cent of the plants 

contained eggs at this time (Table 2). On November 3 when the second 
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spray was applied, 36 per cent of the plants contained foliage eggs. 

Thus, timing of the spray applications coincided closely with foliage 

oviposition. 

Table 5. The effect of four weekly applications of concentrate sprays 
on spinach foliage infestations of the seed-corn maggot in 
the fall of 1953. 

Number Per Cent Per Cent 
Treatment* Plants Reduction Number Larval 

Damaged Plant Damage** Larvae Reduction 

Heptachlor 23 57 6 70 
Chlordane 24 55 8 60 
Aldrin 26 51 8 60 
Dieldrin 23 57 .9 55 
Lindane 29 46 9 55 
Endrin 29 46 10 50 
Parathion 36 23 10 50 
Chlorthion 33 38 29 -45
Untreated 53 20 

*.All insecticides applied at O .25 lb. per acre except chlordane 
w ch was applied at 1.0 lb. per acre. 

**Based on 50 plants from each of three replic tes. 

Seven days after the second spray application, a 50 plant random 

sample was examined. At this time parathion, chlordane, and endrin 

had caused 80 to 100 per cent reduction in foliage larvae when compared 

with the untreated check. Other treatments of aldrin, heptachlor and 

chlorthion caused a larval reduction of about 70 per cent. Lindane 

and dieldrin caused only 50 and 20 per cent reduction at this time. 

It should be mentioned that the first application of lindane was of 

questionable value because of deterioration of the material in the 

container which was not discovered until later. All larv e found 

during this examination were estimated to be in the first instar. 

Another sample of 60 plants from all replicates in each treatment 
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was taken seven days eifter the third application. The per cent larval 

reduction revealed at this time was as follows: aldrin 66; chlorthion 

and lindane 60; dieldrin, heptc1chlor, end!'in, parathion 50; and 

chlorde.ne 32. .All larval stages were found on this exar.rlnation. 

Ten days after the fourth application, the final examination was 

made and the per cent reduction in foliage larvae and plant damage is 

shown in Table 5. ill larvae observed in this examination were esti-

mated as third instar. 

With the exception of chlorthion, the differences between insecti-

cides were not significant. The preliminary plant examination taken 

sfter the second spray application shows the highest larval reduction. 

The second plant sample shows roughly the same reduction for all treat-

ments except chlorthion and chlordane. These variations were probably 

due in part to the failure to find a high per cent of the small larvae 

in the first and second examination. Apparently the degree of control 

achieved in this test was a resul·t of the first two spray applications. 

During the first two applications, the plants were smaller and ·the 

terminal buds were more exposed to the spray. The larvae were also 

small and had not become as well established in the plant buds as was 

the case during later application. 

A third series of plots were treated with lindane and dieldrin 

under the same conditions as mentioned previously. However, in this 

test, applice.tions using O .25 and O .50 pound per acre tori.cant were 

applied at 14-day intervals. Exa111inations of 50 plants were made 

after the first and third applications in the plots treated at the 

0.25 pound per acre rate. No reduction in foliage larvae was found 

when compared with the check. When the final sample was taken, a 70 

-
' 
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per cent reduction was found in the plots trea,ted with dieldrin e.t 

O .50 pound per acre. Lindane showed no reduction. Again it :c1hould 

be emphasized that the first application of lindane wa.s of doubtful 

value becauso it had deteriorated. 

(2) High Pressure, High Volume Application

On March 31, 19 53 , single applica. tions of a high pressure, high

volume spray of lindcne and methyl pa.rathion were applied to the 

spinach foliage at Bixby, Oklahoma. The plants used in this test 

were very le,rge and chi::,racterized by -l;ight termin81 buds. All la1rval 

stages were well established in the buds at the time of treatment. 

Examination of l.,fJ infested ph1nts taken at random from each plot 

was Ill8de seven days after trea.tment. No significant reduction in the 

population was noted when these plants were compnred with the check. 

As a result of the advanced stage and size of the infested plants, 

many hirvae probably were not reached with the insecticide. 

In another test, single e,pplications of lindane, twd:i�in, chlorthion 

and parsthion were applied to an established foliage infestation on 

:November 26, 1953. Examination of a 250-plant sample taker,. 3t random 

from all three replicat:ions four days after thee) treatment shouorl no 

significant reduction of foliage larve,e in any of the treatments. When 

this treatment ,,ms applied, the larvae were approaching m1:1turH.y and 

the :maggots were deep in the terminal buds. 

When folic:::ge eggs were first observed during Februery 1954, 

applications of high vohu.,1e, high pressure sprays of endrin, lindane 

and parathion were made on the carry-over crop at Bixby. When the 

final sample was taken one week after the last applications, cndrin 

showed a 66 per cent larve.l reduction as compared with l,8 .s.nd lL; per 
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cent for lindane and parathion respectively (Table 6).

Table 6. The effect; of weekly applications of high volume, high pres­
sure spnys1• on spinach foliage infestations of the seed­
corn maggot in the spring of 1954.

Treatment 
Number Per Cent 
Plents Reduction 

-------------D""'a __ m_a ..... f! ..... e .... d,__ ___ P=lg_n� .. Dam13ge 

...... _ __._, �.,,.,,_.. 

----- <�---

Number 
Larvae 

Per Cent 
Larval 

Reduction 

---Test No. 1. Carry-over crop of' Bloomsdale Longstanding, 
six applications, February 27-April l*{� 

Endrin 
L:indane 
P2,rathion 
Untreated 

35 
41 
53 
63 

36 
34 
16 

16 
24 
40 
46 

66 
!.$ 
1,4, 

---Test No. 2. Spring crop, three applications, April l-15�Hrn

Bloomsdele Long standing: 

Endrin 43 
Parathion 45 
Lindane 60 
Untrea.ted 63 

Giant Noble (flat-leaved variety): 

Parathion 
Untreated 

72 
8L, 

32 
29 
4 

15 

*Insecticides applied at O .5 lb. toxicant per acre in 100-
150 ge,llons of water and at 350-400 psi. 

**Based on 125 plants from duplicate plots. 
*·:HI-Based on 100 plants from each of four plots.

Similar tests on the spring spinach were initiated when foliage 

eggs were first observed. A random sample was taken two weeks after 

treatment. t\ total of ·three applications of endrin, parathion and 

lindane made to the Bloomsdale plants showed 32, .29, and L} per cent 

reduction in plant damage respectively. No larval counts were made. 

l\. similar parathion treatment was applied to a flat-leaved variety, 

Giant Noble. This variety was included in the test to determine if 

- - -----,..~---,,,_, .. __ _ 
'~ --
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its growth chara,cteristics, which differod :Ln ces.'kin rospocts from 

the Bloomsdele Longstandi.:ng variety, :i.nfluenced the effoetivonoss of 

insecticidel tre2.tment. 'fhe letter vrc1ricty is characte:d::,ed with 

thick, highly convolu:tied or w:d.nk1Gd loe.ves rm6 rele:tive1y tight 

termin2,l bud cluste:cs. 'I'he Giant Noble plants posser:is thin, flat 

lecves E.nd cppeared to have e s1ightly looser e,rrcngement of develop-

ing leaves in the bud. These g:rowth ch21·e.cteristics dj_d not appeer 

to increese the; effectiveness of the trestments, since the reduction 

in plent damage on Gie,nt Nob1e wes 15 per cent, being actua1ly lower 

then the 29 per cent reduction obtained in Bloomsdale plots with the 

se.mra cheriiicel. 

During 195L,, en additional t·est wes conducted on plants :tnf1'.:lsted 

with 1erv1:1e. Hand 8,ppl:tcetio:ns were made using diazinon, Systox, 

lincfane et c;.l per· cent; parathion c,.t 0.05 per cent; E lindane-

pyrethrins mixture et O .1 end U .05 per cont respectively. 'rhose 

im�ectic:tdes wore epplied in 2: solution using an irJopare,:ffin oil 

(Soltrol 180) es th:::i liquid carder (Goodhue 1953). A. Eiingle 

cetion of ecch insecticide wes applied to 10 infested plants in each 

of three replicates. 'I'bo plent;s were harver:;ted fom: d2ys lD.ter and 

the number of lc:rvae recorded. 'I'he per cent lc.rvel reduction for 

these treet:ments when coL1pered with the check WcG as follows: diezinon 

Prectice:l levels of control were not achioved b;7 any of the 

insectic:Lles when applied a.s E-Ji thr:n" concentr·ete, low pressure spreys 

or <':;s high volur:1e, high pressure e.pplicetfons. In the m25ority of 

-the tc,sts, weckl;;r applieetions were timed to coinc:ide with foliage 

4C, lindene 23, perr,thion 11, S31st.ox 5, and li:ndn1e-pyreth:dnri ga.ve 
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ovipo si tion. Several of the tox:icants used, including lindane ,. aldrin, 

dieldrin and chlordane were show to be toxic to larvae of this species 

when used as seed and soil treatments (Howe et al. 1952, Howe and 

Schroeder 1951, Floyd and Smith 1949, Lange et al. 1951 and Walton 

1951). In the absence of an established cause of failure, severa.l fac­

tors e.re suggested as possibly affecting the results. Inadequate 

insecticide coverage of the termii�rJ. bud interior, where most of the 

le,rvae were situated, appears to be the most likely explanation. 

Growth and development within the bud, with re(3ulting new and llll·treated 

tissues, may have permitted larvae to feed without toxic hazards. 

Insecticide residues may have not persisted at mortel levels through 

the one-week interval between applications. Another possible factor 

would be an interaction between the plant tissues and the insecticide 

resulting in detoxifics.tion. Investigations should be continued to 

determine the effect of these and other factors on control. 



SUMrI1mY MW core LUSIONS 

In 1·ecent ye1:1rs f'oliege infest2tions by the larvae of' the seed-

to the spinach industry in Oklehoma • A.dul ts uex·e found throughout 

the yc;::,r but the pesk of ectiv:1. ty occurred frou late Februery until 

l&te l\k:y end from esrly SEJptcmher until December. Only limi tod 

ect:i..vi ty ws s noted et temporaturos below 50° 1:md 21bove 85° F. end few 

flies wer·e active du:cing wind.y and :rainy periodn. Adults frequented 

freshly cultivated fields end flowering ph:nts. Ce.gE-1d adult;J ovi-

posited freely on tmd in the fJoi1 end oviposi tion on tho plent under 

ceged conditions occurred once in 19 52 • Eggs were deposited singly 

or in groups with t;, s me.ny 12 s 20 eggs found in one group. Hedi um 

uoist er,c;o.s were pr(:,ferred for ege; deposition. Under field conditions,

oviposition 011 a:nd in tho soil occu1,1,ed f:cequently. Ii'e.vo:c:LL�· ,·:::t tes 

for egg depo ,3i tion 2,ppe2.red to be on or ne1:rr· sources· of lsrvaJ. food, 

especially where sprouting seeds, seedlings end d0ceying 01·ganic 

materiels were 131Jundent � Eggs were elr,o found in 

open 2reas in the field. During cert2Jin periods, H ,. cil�I:§.

fem�le;, oviposited freely on spinach foliege. ftverege to h.rge size 

plents were seleeted m1d eggs were deposited on ell portions of the 

plent. However, over three-fourths of the eggs were found on the 

found on a spirn:cb plent with the a.v0rnge ranging from four to five 

eggs per pls,nt. Oviposition e.nd foliege infeste.tions were ho.s,vier 

where plrmts 1.1ere growing in cio11s :i::·i.ch in o::.�genic mstericls. The 
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hetching period for eggs deposited in the soil or on foliage ranged 

from one to three de.ys at temperetures of about 70° F. In these 

studies, 90 per cent or n:ore of �11 eggs hatched. 

Yotmg le.rve.e ,,rere active immediately efter emergence from the 

egg and moved e.bout in seG.rch of food. Subterranec.n and foliage 

feading by la,:t'Ve1e was observed hi the field and laboratory as well 

as larval feoding on deceying organic materie,ls. The nwnher of mEg­

gots per plsnt r&.nged from one to fourteen with the average being 

from two to three. llll larital insters wer,9 fou...rid infesting spinach 

folfoge and in sever�l insta:ncos, all inste,rs were collected from a 

single plent. fl.ants with tight terr:iinal bud growth were more subject 

to att.eck. The le.rve'.e fed by r5sping the plant tissues and developing 

lea.ves were DJEilformed or destroyed. Larvae were alr-;o observed to 

tunnel in leaf petioles. Decay organisms commonly :;ttack such injured 

ph.nt tissues. From ;20 to 60 per cent of pl�mts with foliage eggs 

later became infested with larva.o as con!p&red with an infestation of 

one per cen·t on plants th&t hE:d no foliage egg::;. Foliage info stations 

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

well es eggs collected from the foliage. At a temperature of 62° F., 

lsrvae rEuu·ed in a mediw11 of soil, t[·Hlk8ge and poteto pieces, ma;tured 

in 14.4, de;ys a.s contrcsted with 24.5 de,ys for larvae rea_red on spinach 

foliage. 

An examination of several thousand plants during the course of 

the investigation showed the.t pupation nB2rly dways occurred in the 

soil with only e very few puparia being found in plants. The pupal 

period for specimens was the s2:mo length regsrdless of source of egg 

or feeding medium. Ats mean tern.pere:ture of 82° F., the pupal period 



'/8.S 11 .. 9 days compe,red with 15 .7 days for specimens kElpt at a mean 

temperature of 70° F • 

Heevy foliege infestetions developed in the spring tmd. fall of 

1953 when precipitation was neer normal or above. In the fall of 

1952 when precipitation was g:cestly below norw..al, no foliage infesta­

tion developed. In the :�pring of 1954 w:Lth below normal rainfG.11, 

low to modere-t•:1 infestations developed. 

Larval infestation of spinach foliage generally resulted from 

oviposit:Lon on the bud and leaves. Larval migration from the soil to 

the foliage was observed in a very few cases, but this did not appear 

to be er.\ importcnt factor in producing foliage infestation. No struc­

ture,l or biological differences were observed when comparing the egg, 

larva, pupe. and adult forms collected or reared from foliage eggs 

with specimens collected or reared from soil eggs. 

Prectical control levels were not obtained by any of the insecti­

cide treatments. A total of 13 toxicants, including heptachlor, 

chlordane, a�drin, dieldrin, lindane, endrin, parathion, methyl para­

thion, tetraethyl pyropho sphe.te, chlorthion, dia, zinon, Systox and a 

lindane-pyre·thrins :rnixture was tested ci:: foliage sprays in six field 

tests me .. de during three seasons. The first seven insecticides listed 

produced up to a range of 50 to 70 per cent larvel reduction when 

timed with foliage oviposition. Treatments me.de after the larve,e were 

well established in mature plantB were generally ineffective. The 

last six insecticides listed above were less effective than the first 

group. High volume, high pressure sprays were no more effective than 

concentrate sprays of the same insecticides applied et low pressures. 
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