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Technical Bulletin No. 659 & February 1939

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

*THE SAND WIREWORM AND ITS CONTROL IN
'~ THE SQUTH CAROLINA COASTAL PLAIN!

By J. N. TeNHET, aszistani entomologist, and B. W. HowE, junior entomologist?
Diwvigion of Truck Crop and Gorden Insect Investigutions, Buregu of Entomol-
ogy and Plant Quaraniine®
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INTRODUCTION

The sand wireworm {foristonotus uhleris Horn} has been known
for nearly 25 years as a serious pest of corn, cotton, cowpeas, and
other crops 1n the Coastal Plain of South Carolina and in other
restricted parts of the country. It is found only in porous, light,
sandy scils that are deficient in humus. Most of the crops grown
within the economic range of this insect are attucked, and on heavily
infested land yields of corn and cotton are often reduced from 50 to

o percent.  In addition to the direct loss caused by the depreda-
%s of this pest, there is a serious indirect loss due to the reduction
1%=value of infested land and the necessity of adopting as a eultural
cafitrol a crop rotation that often does not give satisfactory tinancial
retarns.  This rotation involves allowing one-half of the infestecd
fehls to He idle (i. e., resting) for 1 or more years,
b%)is believed that the information contained in this bulletin will

f considerable value to farmers confronted with the problem
of growing crops ¢: land infested with the sand wireworm, and
that the biological studies reported herein will he of aid to many
workers engaged in investigations upon other spectes of wireworms.

1 Jubmitted for guhl!cation May 19, 1035,
* Resigned July 31, 1933.
* The authors wish to acknowledge the azelstnnce of P, K. Harrison, nealstant entomologiet,
and H, C. Engetton, field assistant, during the eomrae of these inveatlgations,

86090-—38——1 1
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The investigations upon which this bulletin is based were begun
at Fairfax, 8. C., in June 1930, following seme preliminary control
experiments in that vicinity in 1928 aund 1929, and were terminated
in QOctober 1934

HISTORICAL REVIEW

The adult form of this insect was frst described by Horn (3,
». 302),* in 1871. The species was not known to be of any economic
importance, however, until about 1907, when the larvwie were noted
as injuring corn and cotton in Colleton County, 8. C. W. A. Thomrs
{8), w 1911, recorded that it had oceasioned very heavy losses in a
small aren. A probable 2-year hife cycle was suggested, and frap
crops, liming, and heavy apnlications of fertilizers were recom-
mended as control measires.

In 1914 Conradi and Eagerton () reporied “the corn and cotton
wireworm” (Horistonotus whlerii} as scattered throughount the South
Cavolina Coastal Plain and causing cousidernble loss, but made no
statement concerning the duration of the life cycle. They recom-
mended land resting. rotation, and other farm ypractices as control
measnres.

Gibson. in 191G, veeorded the eorn and cotton wireworm” as
destructive in several Si{ates and made the fellowing statement (2;
p.4):

The exact duration of ihe perigd of development v (he 01 L1as not yei heen
determined, but fhe information now at hand ind cates that the species lives
in the larval stage for two years and possibly thres

Early planting. crop rotation, manuring. and land resting were
recommended. '

None of these investigators was very successful in obtaining life-
history data, and their control recommendations were based on the
theory that all wireworms required at least 2 years to complete
their development.

SYSTEMATIC HISTORY AND SYNONYMY

Tha first referener to the sand wireworm, a beetle of the family
Elateridae, was Horn's (J. p. 302) original description under the name
Howvistonotus whlerdl. This name has been nsed in all reports with
the single exception of those made by W. AL Thomas {8}, who used
the name Horistono!ns enrigius Suy.

ORIGIN AND DISTRIBUTION

In connection with the original description of the adult stage of
this insect was the statenient that it oceurred in Georgia and Florida,
but the earliest record of the larva as a pest of cultivaled crops was
the report of W. A. Thomas (8} in 1911, who wrote of its occurrence
in the Coastal Plain of Souath Carolina.

In 1916 Gibson (£) noted thab it was distributed over the Carolinas,
Tlinois, Missouri, Arkunsas, and Mississippi. Since that time the
senior author has found it in Georgia, and 1t has been reporied by the

¢ Iinlic numbers in pareniheses veler {o Fifeenture Cited, p. 38,
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State entomologist of Florida, J. R. Watson, as oceurring in the cen-
tral portion of that State, and by the State entomologist of Texas,
¥, L. Thomas, as occurring in the Coastal Plain of Texas. It seems
highly probable, therefore, that it now occurs in all the South At-
lantic States, most of the Gulf States, and several States in the Mis-
sissippi Valley (fig. 1).

o STATE RECORDS
® SPECIFIC LOCALITY RECORDS

Figors L—Known distrlbution of Horistonotus whierdi,

In South Carolina the infested avea constitutes a distinet belt ex-
tending across the Statr and roughly paralleling tle coast line (fig. 2).
Its range seems to be .mited entirely to a particalar type of very
porous, light, sandy scil. This soil in the Carolinas is always char-
acterized as follows: A very light sandy loam topsoil 4 to 6 inches
deep, underlain by a stratum of almost pure sand of a nedium texture,
this iayer of sand ranging from 12 to 48 inches in thickness; under-
lying the stratum of sand, 2 very hard compact sandy cl ay subsoil.

As far as is known, Horistonotus uhierz has never been recordsd
outside the United States, and it seems highly probable that it is a
native of this country.
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Fioone 2.-—Distribution of the send wireworm in Sonth Carelina and the relative density
of the infestation.

TECHNICAL DESCRIPTIONS
THE ADULT
(Fig. 3, D}

The original description by Horn (3, p. 502) is as follows:

H. Uhlerii Horn.—Form rather slender, rufo-testaceous, moderately shining,
sparsely clothed with short, yellowish hairs. Antennae slender, hulf the length
of the body. Head convex, rather coarsely and closely punctured in fromt.
Thorax longer thar wide, apex distinctly narrower than base, sides moderately
arcuate, hind angles not divergent, basal plicae small but distinet, dise convex,
punctuation fing, not dense and inform in degree. Elytra as wide at base as
the thorax, humeri distinet, sides gradually narrowing from the humeri to the
apex, moderately deeply striate, strine coarsely punctured, intervals slightly
convex ak base, near apex costiforin, the intervals 2-3-5-7-9 entire and more ele-
vated, the surface sparsely punctulate with a single series on each of somewhat
larger punctures, Body beneath shining, not closely punctulate, the punctures
intermived but not conspicuously differeit. Claws cleft at tip, the tooth being
very near the apex. Length .24 ineh; 6 nnn,

THE EGG
(Fig. 3, 4}

Pearly white, translugent when flrst Iaid, becoming more or less opague after
& few days; ovate, the shell smooth and elastic, the membrane rather easily rup-
tured. Size (average of numerous mmeasurements) : Length 062 mm, diameter
045 mm.
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FHE LARVA
{Fig. 3, It)

A detailed description of the lavva by Hyslop (4, pp. 181-182) is as
follows:

Elongate, stender and membranouns, twenty-soven times as leng as wide; color
¢requn white, head ferruginous yellow, prothorax yellow, mandibles brownish
vellow to almost Plack, spines on legs browsish yellow,

Head elongate cylindrieal, length exciusive of manrdibles, twice diameter, sides
subparallel, very highly polished. Front very narrow, sides almost parallel,
diameter ot middle about ohe-
sixilh diameter of head, extending
to basal sixth of head, anteriorly
dilated to attachment of clypeus;
bears f pair of fine hairs near
point where if is ronsi{ricted.

Clypeus guadrate, 2 iittle lorger
than broad, anterior angles mem-
bramous, anterior margin densely
fringed with bruzh of fine huirs,
emavginatoWid avmed gt middle
with a highly chitinized bidentate
prong; the dorsuin hears four pair
of short erect hairs. Auntennae
slightly reeceived in fossae oOn
dorsal surface of wiandibles, very
large, aimost one-third length of
head exclusive of mandibleg; first
Joint clavate ard but Httle longer
than bread; second joint de-
pressed, erlindvical, wider at dis-
tal exCremity which is obliguely
truncate, truncate surface bearing
on nner part the very slendor ang
rather short third joint and the
aceessory appendage, which latier
ig shite and conical; the {hird
joint is about uas long as the first
joint, eylindrieal and three times
as long das broad, it iy slightiy
curved and directed at right
angles to the long axis of the see-
ond joint. JMancdibles are two-
thirds the length of the head,
hirmmous, and muliidentate; the
outer surface jg slightly concave
and cach ramus hears two lengl-
tudival earinae,; the Inner surface
of the dorsanl ramuoy benrs three
stout acute feeth and two smaller
teoth, tlrlc Intter sifuated on each 1 o | S
- g : . o[- MG So--The sitnd wiseworn ristanglug
RS LA R T P A T ST

X - abaut 43 G, popa, X abour 45 0, adult, X
base of the mandibie on the inner abuat, 8. B !

surface is a broad oval molar area

amd a row of bristies continne the armature of the upper ramus. The sub-
mentum iy almost obliterated by the highly developed maxillary stipes, it Is
broadened at the anterior half but almost ent off from the mentum by the maxil-
Inry utipes which suddenly converge anterioriy: the submentum bears four hairs
on its anterior part and a single paic at its posterior extremity ; the menfum is
clongate and ciavate, and is aderned with o pzir of mediun huairs near its distal
end ; the labial palpi are about hoif as long as the mentum, the first joint is twice
as long ag broad, the second is conical and one-third as long as broad; the
maxiflary stipes are elongate and armed with nine stout spines on the lateral
margins; the maxiliary palpi are very stout and two-thirds as long as the stipes;
the first joint is one and one-hait times us long as broad, slightly clavate eylin-
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drieal, the second joint is onc-guarter longer than Lroad, the third as loug as
broad, and the fourth fwice as long as broad and only half as wide as the third;
the golex are two-jointed, the first joint elongate aud thickly beset with brashes
of comnlex hairs, the second joint is cluvate and bears four stout spines at the
distal end ; a second brush of haiys avises below the attachment of the golea and a
third brush is situated on the wnder surface of the clypeus.

The first thoracic segment is nearty eylindrical and almost as long as the head
gxclusive of the mandibles, {he second and third are subequal and about three-
quarters as long as the first; {he legs are vory long and quite stout, the coxne
are as long as the femora and tibiae united, and serve {o receive these bwo joints
when in repose; inner edge of coxae bears a few long hairs; femora clavate and
two-thirds as long as coxae, tibin iriangular, armed with three biunt stout spines
near anterior margin, tarsus beset withh one large scoop-shaped spine near the
distal end, surrounded by four blunk spines and bearing three additional binnf
spines along its jnner side.

Abdomen with ten visible segments, segments two {0 seven arc distinetiy
divided transversely into (hree distinet aveas ench, the anterior area of one
segment being truneate counical and capable of being invaginated into the pos-
terior area of the proceding segment when contracted. the middle aven of each
segment is globose, hears the ambulnfory papillae and the spiracies, Iach seg-
ment bears two pair of ambulatory papillag, a Iateral pair anterior to the
spiractes and a ventral paic near the anterior marging each papifes is bilobed.
and retractite; the spiracles are very obscure but of the typienl biforian type;
the tergile of sach nbdominal segment is wirked by o median impressed line
and q pair of ghallow lateral gronves, the venbron of the middle avea of each
sogrment is Qivided iuto fwo parls by a median svleus. The ninth abdominal
segment is thimlle-sliaped and about as long as the middle scetion of the other
abdominal segmoents; it beavs at itg extromify n rouwaded point which is armed
with radially arranged stout spincs.  The tenth segment is concealed from above
By the ninth, near the middle of {he ventyal side of which it avises, it is de-
pressed exlindrieal and @irected obliquely ventrad; fhie anns is terminal and
the anal loboes are arranged ns follows:

The (wo lalteral lobes are guadvi-digitate and longer than the tenth segment,
the veniral lobe is short and bidigitate, all these lobes nre retractile

THE PUPA
(Fig, 3, ¢}
Divlty white, ralher slender. and diftering bub {ittle from olher elaterid pupae

in appearanee, Sizo vorving greally, the length ranging from 6.095 to 11.61 mm
and the width across the mesothorneie fomorn from 232 fo 3.00 mm,

REARING TECHNIQUE

A nuniber of methods of rearing wiveworms were tried belore n
satisfactory procednre was cvolved. Pill hoxes or salve tins, which
have been utilized frecquently for this purpose, were found to be
mnsatisfactory owing to the abnormal reactions of the wireworms to
sich artificial conditions, and their use was abandoned in 1932, Clay
tiles and gnlvanized-iron cylinders sunk in the soil were tested and
save satisfactory results, but their use was impractical because of the
Iarge amount of labor involved in handiing any number of such con-
tainers. Unglazed earthenware {lowerpots with the boftom lhole
plugged with plaster of paris, filled with soil, and placed in the
ground, gave just as satisfactory results as the larger and more awk-
vard clay tiles or metal eylinders and prove much more convenient to
handie. They were therefore employed for practically all of the
rearing work discussed in this bualletin,

In order to insure against the possible accidental introduction of
wirewors, the soil used in the pots was previously sifted and then
spread out on heavy paper in a Jayer Jess than 1inch thick and exposed
to the sun for several days. Since the sand wireworms cannot live
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in air-dry soil for even one-half hour, such treatment precluded all
possibility of introducing undesired wirewornis into the cages with
the soil. This soil was then stored in tight containers in a dry build-
ing until needed. Before use it was carefully moistened to about
normal water content for optimum plant growth.
Each pot was covered with a
yire-ganze cover, or cage, made
of 20-mesh galvanized-wire
screen® These cages (fig. 4)
were 18 inches high and slightly
tapering, the top being approxi-
mately one-half inch smailer in
diameter than the bottom and
the bottom one-eighth inch
larger in diameter than the top
of the pot to which it was to be
fastened. The top was formed
by eutting a disk of wire screen-
ing about 1 inch larger in diam-
cter than the upper end of the
cage. foreing it down inte the
top of the cage, and securing it
in place. All seams were s:wn
with heavy linen thread by
means of a machine such as s
uged to sew leather. Seams were
all double stitched and then
shellacked to protect them from
the weather. A metal band
fitted wirh a stove bolt was used
to fasten the cone to the flower-
pot. DBy tightening the bolt an
absolutely tight jolnt was se-
curedd (fig, 5),
The Howerpot, plunged info
the «nil. maintained approsi-
matelx the proper conditions of
#o0il temperature and moisture
for the wireworms. and two or
ihree gynins of sprouted corn
{maize} planted at a depth of
about 2 mches furnished 1deal
tood, The scrcen cover pro-
vided a cage that was tight
enough to prevent the escape of - N
either Jarva or emerging adulk B e in Bosition ou the Hewernor.
but sufficiently open to aflord
ample ventilation and to admit enought light to permit normal plant
growth.  In addition, the contents of the pot could be casily and
quickly examined, ’

ETENALT, J. N, AN IMPROVED INSRCT CAGE IOR UEE ovES FLOWERMTE, 1. 8, Dept
Legfict ET-L:1, 2 pp., illus, 1034, [Mualtigrophed.] U. § Dept. Age.
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Adult click beetles were readily collected in cornfields late in the
afternoon. Pairs taken in copulation were utilized for all breeding
work. It is practically certain that the females of such mated pairs
were in every case newly emerged individuals, since every such female
taken was noticeably lighter in color than the males but darkened to
approximately the same shade of color as the males within a day or
so.  The lighter coloring is characteristic only of newly emerged
individuals.

Mated females were confined in small salve tins lined with moist,
dark-colored blotting paper and contsining a freshly cut section of
green cornstalk just long envugh to lodge in an npright position

BOLY OF OAGE

Sy

JOP OF CAGE

LETRILEL CONSTRYCTION
OF LOCKING BAND

CAGCE /N USE ON
e pores For srove sorr ~ v C-VCH FLOWERFPOT

Frere 5. -Details of ecanstiction of improved cage for reaving wirewerms.

Letween the top and bottom of the container {fig. 6). This section
of green cornstalk served as food supply, the beetles rasping the
Treshly cut ends,

The females usually crept between the end of the section of cornstalk
and the moist bloiting paper to ovipost. Egas were removed daily and
a fresh section of cornstalk supplied. The egas were fransferred to
disks of moist blotting paper placed in small salve tins, which served
as incubation cages, and kept, unti} hatehed, in a cellsr well insulated
against heat, Temperatures in this cellar were almost exactly the
same as soil temperatures at a depth of 6 inches. During the Iatter
part of June and in July the daily mean soil temperatures ranged from
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about 78° to 82° F. The incubation eages were examined daily and
newly hatched Javvae transferved o the flawerpot cages.

The newly hatched wireworms were lifted on a small camel’s-hair
brush and placed directly on grains of sprouted corn. Five larvae

Frorws G—Adnlts of e saud witewsrm in ovigesition eage s male on el Female ab rishi,
Aboun melutal =iz,

Frg g Vo= gronp of rearking coges in ose fop beesdling aoed e history sindies of the
sinel wirewegn.

were ustindly plaeed in each pol. Moisl soil was then gently placed
over the corn and the tiny wirewornw and mounded abont 114 Inches

above the top of the pot at the eenter. This mounding of (he soil was
essentind 1o dsure the ron-ofl of exees< waler during heavy rains,

REOH—D
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The flowerpots were covered by the sereen cages during the entire
summer, from early in May until October (fig. 7}, but from October
until the first of May they were left uncovered, since no adnlts oceur
during the fall or winter or early in spring. Detailed observations
demonstrated that there was no danger of the larvae escaping over
the exposed rim of the pots. Throughout the summer corn (maize)
was grown in the pols to serve as food for the wireworms, as this
plant seems to be a preferved host. During the winter the coin was
replaced by Austrian Winter peas.

Cages were not examined during the period from November until
late in February, as disturbing the larvae seemed to have an injurious
effect upon them. During the period of spring activity examinations
were made at approximately 4-week intervals until pupation began.
Acfter the last of May, when pupation started, examinations were made
every week or 10 days. Such frequent examinations apparently had
quite 2 disturbing effect upon the larvae and sometimes seemed to have
a tendency to prolong slightly the larval stage; however, such slight
prolangalion was muvoidable,

LIFE HISTORY

INCUBATION PERIOD

Under cape condibions the incubation period may range from 6 to
18 days, but the average of several thousand incubation records, made
through a period of & years, was approximately 12 days. as shown in
the following tubulation, The varvintion in this period in a single
batch of eggs is often striking (table 1),in one or two instances having
heen as much as 5 days. Such varviation eannot be attributed to flue-
tuation In temperature or humidity, since it oceurred commonly in
groups of eggs that were laid on the same day and were kept in the
same container under identical conditions,

Length of incubalion peried of eggs of Horistonotus whilerit arrenged in o fro-
qucney distribetion (F8.401 1935
Ntmher of

fneubation period fday-.; riers feid
Go... e ol . . i
oo _ R, 1)
8. - .- R o 33
. . - 72
e .. . [, P _ 476
11 - .. 840
12 _ _ 1, 069
13.... - - weoaoa. 1, 26H
M., ———— - - . s ___ 483
1 . e e .- 216
6 .____ ... e e e oo T4
FTae e oL e e el 24
Y8 . e Ll ——— 22

Tolal number of egga__ oo .... .. el 4,840

Average incubation period_____ .. ... . . _days.. 12 23
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TABLE 1—FHzeerpt from oviposition end incubation records of Horislonolus
whlerii, Fairfaw, 8. O., 1932 :

Datacpgs Egps de- |Dateeges| T Lonpth of

wera (de- <885 . | fnenbation | Hstch
posited rosited | hatehed | hatched perigd

MNamber Numbgr Thay Pereent

17

June i7

et
D (T wha B T i ot L b bt el bt et £ B2

June 30_

Jome 32

" June 28.

B e Tad et B0 S B0 D S pem e B S B e O G A O

L

L4ARVAL BEYVELOPMENT

The sund wireworm passes the greater part of its life in the larval
stage. Nearly all the eggs hatch 1n June or July and from then until
the following November the young wireworms remain in the topsoil
actively feeding. During November the young wireworms gradually
go deeper in the soil until, by the last of the month, the majority of
them are at a depth of from 18 to 24 inches. Ilere they remain until
March, when they begin to move upward. By the middle of April
they are again active in the surface soil. For all the individuals
unde> observation in cages the total duration of the larval stage was
slightly less than 1 year, with an average of 852 days (table 2).
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Tasre 2—Dypical life-cycle records of Horistonotus whlerii Horn, 1932-38% and
1933-84 :

. Total
Date e Data Length Date Length | length of
was dg_g Igafshi Iarva | of Yarval fadult ap-| of pupal | devalop-
posited | UBC pupsted | perlod | peared | perfod | mental

13558 1933
July 1 July 12
Aug. 18 Aug. 27
July 8 July 20
Jifly 18 3 July
July 27 Aug.
June 15 June
July
July
July
ceadooL July 12 - July

1088 183} 1534
Jups Jupe
June Tualy
July ! July
Juna Juty
July ; Jnly
July ; July
July 16 July
July 11 ; July
July 18 : July
July 27 Jualy I7 : Tuly

The newly hatched wireworm is approximately 2.5 mm long and
0.25 mm in diameter, so tiny that with the unaided eye it can be seen
only with difficulty except against a dark background. By September
the length has increased to about 12 mm, but from October to the
middle of January growth is slower, the length increasing at the rate
of only about 1 mm a month. During Januavy and February there is
usually a slight decrease in size, after which rapid growth is resumed.
Late in February the average length of field-collected wireworms is
approximately 14.25 mm, and by May this has increased to approxi-
mately 18 mm. A fully mature larva may be from 22 to 30 mm long.

When the larva has reached maturity, usually in June, it forms an
oval-shaped cell at a depth of 4 ov # mches in the ground. Within
this cell, which is approximately 15 or 16 mm Jong and 4 to 5 mm
across, the larva passes through a distinet prepupal stage. There is a
very marked shortening in Iength, accompanied by an increase in
diameter, and a very noticeable accentuation of the abdominal seg-
mentation. This state lasts for several days.

PUPAL PERIOD

At the end of the prepupal period the Iast larval skin is shed and the
pupa appears. The average duration of the pupal period is approxi-
mately 1114 days (table 2). Af the expiration of this period the pupal
skin is shed and the imago appears.

PREOVIFOSITION PERIOD

The newly transformed adult remains in the pupal cell for 2 or 3
days until the integument begins to harden and show pigmentation.
It then emerges from the soil and mates. After mating, %:Em lto 4
days elapse before egg laying begins, but usually the preoviposition
period requires approximately 24 hours.
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LIFE CYCLE

The life cycle of this species covers approximately 1 year. In the
1982-83 brood the average of over 40 complete life-cycle records was
slightly under 370 days. Some typical life-cyele records are pre-
sented in table 2.

Data to support this statement of a 1-year life cycle may be listed
as follows:

(1) All wireworms collected in the field in the spring either com-
pleted their development that summer or died. During the 4 years’
study, in not a single instance did a wireworm live over a second
Season.

(2} Al wireworms reared in the laboratory had a 1-year life cycle.

{3) Over a 4-year period (1931-34) practically all larvae in the
field appeared to complete their development by the last of June.
Large wireworms could be collected in abundance in April, May, and
early in June, but they became very scarce the last of June. It was
extremely difficult to find any in July. Adults were abundant in June
and July, and small to medium-sized wiveworms eould be collected in
September and October but large larvae were never found at this
season of the year (table 3).

Tanrk 3—Length of ficld-collecied wireworms of Horistonotis uhlerii

Field-collecterd larvae Field-uollocted larvoe Ficid-coltected larvae
of L1 whierii of 11, whierii of TT. uhierii

Lenglh of Length of TLengih of
larvaeg | Collected larvae Collgeten larvae Cuoliected
in 5ep- | Collected {mm) in 8ep- | Collected (i) in Sep- | Callocted
tember | inJune tomtber | in June tember | in Junp
and Cc- 1933 and O¢- 24 and Oe- 1923

toher 1032 tohor 1942 toher 1932

Number | Number Nuwtber Nuwber
4 13

TETH

Average length of [all-colleeted wireworms. o oo oo .. L an .. LB
Averngs lenglh of June-colleeled wireworns. . ... ..... e —————— 13

Several scientists working with wireworms have reported that a
2- ar 3-year period or even longer was required to complete the life
cycle, but most of such records were obtained by the use of the old
“pill-box” method of rearing. In veaving Horistonotus whlerii it was
discovered that very few i1f any individuals would complete their
development in less than 2 years when confined in salve tins, yet
under more natural conditions of meisture, temperature, and #ood
stich as obtained in the earthenware pots previously described the life
cycle of all the individuals under observation was completed within
a period of approximately 1 year. During the seasons of 1982-33
and 1933-34 over 60 complete life-cyele records and 20 additional
larval records were obtnined. Since the lnrval period covers approx-
mmately nine-tenths of the insect’s life period and the winter is passed
as a larva, this gives virtually the equivalent of over 80 life-cycle
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records. In view of these records it seems possible that if more
natural rearing conditions were used in studying the life history of
other elaterids, many more species might be shown to have a 1-year
life cycle.

SEASONAL HISTORY AND HABITS

THE ADULT

DISPERSAL

The adult form of this insect is capable of sustained flight, and
from available records it seems safe to assume that all dispersal of
this species occurs in this manmer. Adults have been observed to
fiy for nearly 100 yards, and various observers have collected them
2 or 3 miles from the nearest known point of infestation. It would
seem quite possible
! that under favorable

5 conditions a flight of
a mile or more could
readily be made.

DVERWINTERED L ARVAE

SEASONAL QCCUURENCE

Adults first begin to
appear the last of
May, but are very
i ADULTS scarce until about the
middle of June. Ap-
parently at least 75
percent of the acdult
. emergience oceurs dur-

N B ing the last half of
B June and the first

|
|

AN FTE AT APR. AT JUNE JULY AUG 5£p% OCT, Nov. pEc. week in July, and nsu-

_ : ally by the middle of
Figone &,-—-Rensonal ﬁ*‘ﬁf‘f?‘i, g}t (g‘l'ze zand wireworm at Jlﬂ}’ adults are very

. ) difficult to find. A few
scattered individuals continue to appear until early in September,
but, their numbers are insignificant (fig. 8).

MATING

Mating is usually accomplished late in the afternoon, from about
4 o'clock to shortly after sunset. It generslly occurs on the ground,
but cecasionally it has been observed on a blade of grass or even a
short distance up a‘¢ornstalk. Tn only one Instance has a pair been
observed in copulation as much as 2 feet above the ground.

Soon after the female emerges she crawls up on z slight elevation
such as a small lump of'dirt, a picee of frash, or a blade of grass,
and awaits the appearatité of a male. There seems to be a very defi-
nite attraction of the males to the females from some little distance,
but whether this attraction is attributable to scent, to a stridulation,
or some other taxis is niot kniown. Males are readily atiracted from
a distance of 10 fect or more, and in one Instance 2 male under ob-
~servation was followed and found to travel straight to a female from
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o distance of fully 40 feet. The male travels by running, jumping,
and by short flights. Sometimes a fomale will eonceal herself nnder
a blade of grass, and several males will run all around the immediate
vieinity in a highly excited manner, sometimes going within an inch
of the female without discovering her. The first male to reach the
female quickly mates with her. Copulation continues for several
minutes, after which the female usnally erawls away a short distance
and burrows into the earth. In many instances females have been
observed to begin digging into the soil while the male was still
attached, and they have been collected with the male still attached
when only the tip of the female’s abdomen was exposed above the
soil. Move rarely a female will take wing and fly away.

After mating has once occurred, o female will not immediately
accept another male. Males will often aitempt such copulation, only
to be hnrled several inches away by “clicks” of her abdomen.

Several instances have been known, however, of second mafings.
A female taken in copula laid a few fertile eggs after being caged
and then ceased ovipositing. When a male wag introduced mto the
cage mating again fook place, and within a day or so another batch
of fertile egos was deposited. Whether or not this offen occurs n
nature is nob known, but it scarcely seems probable. The chief evi-
dence against it is the fact that no instance has ever been observed
of a very dark-colored female (dark coler indicates age) being taken
in copulation in the field.

RATIO OF SEXES

The ratio of females to males appears Lo be approximately 50 to 50,

according to laboratory rearings. Females ave relatively scarce in
field collections and the appavent proportion of males to females is
at least 25 to 1, but this is probably due to the fact that the females
spend very little time above ground. In the vast majority of cases
the female burrows into the soil within 10 minutes after mating has
been completed.

FECUNDITY

Under cage conditions females usually begin to deposit eggs ap-
proximately 24 hours after mating and may continue ovipositing for
as long as 3 weeks. Most of the eggs, however. are deposited within
5 or 6 days. During four seasons, 1931-34. the average number of
eggs deposited per female was approximately 50. This figure prob-
ably represents normal fecundity, since the females were known to
have heen newly matured individuals captured i the act of mating.
The maximum nnmber ever deposited by any one female under ob-
cervation was 116, and the female in the case nlso was @ newly
matured insect similarly taken,

CWVIPOSITION

Females burrow into the soil to oviposit., and the eggs are de-
posited at an unknown depth. When first deposited, the eggs are
sticky and grains of sand and particles of soil adhere tightly to
them. The eggs are also very fragile and ave easily ruptured. When
merely moving them about in sund, the pressure of sharp-edged
particles is offen sufficient to rupture the integument. This fra-



http:attem.pt

16 TECHNRICAL BULLETIN 639, U. 5. BEPT. OF AGRICULTURE

gility, and the fact that the egas are smaller than many of the soil
particles, prevent sifting or washing them from soil.

In the laboratory, eggs were deposited singly or in small groups
of 2 to 10. A single female has been known to deposit as many as
68 egas in 24 hours, but over the 4-year period {1931-34) the aver-
age number of eggs deposited per day by one female was slightly
under 12.

Conradi and Eagerton (1) stated that females burrow for ovipo-
sition into soft dirt only; that they canuot, or will not. burrow into
hard-packed soil that has become crusted over; and that conse-
guently they seek freshly cultivated soil in which to oviposit. Gibson
(%) repeated this statement, and both authors used this as an explana-
tion of the known fact that stubble land grown up in grass and
weeds is not infested.

From the work done at Fairfax it now seems probable that the
foregoing conclusion was erroneous. The sand wireworm does not
usually infest stubble land, pastures, o1 land lying idle and grown
up in weeds; but on many occasions femnales have been observed to
burrew into soil packed almost as hard as a brick when there was
an abundance ot soft, freshly-plowed soil less than 2 feet away.

Freshly-plowed soil does not seem to offer any attraction to egg-
iaying females. but there is a positive attraction to fields in cultiva-
tion. The attracting agent, however seems to be the c¢rop growing
on the land, such as corn, cotion, or cowpeas, and not the soil. It
has been ohserved that a heavy wireworm infestation often follows
these crops. Evidence to this effeet is embodied in records and ob-
servations on certain fields over a period of years (table 4).
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TaBLE 4.—Relation between the crop of the preceding year and the subsequent wireworm infestation in a number of fields

near Fairfaz, S. C.

Fleld

1928

1929

1930

1931

1932

1933

1934

Dowling field No. 1.

Dowling fleld No. 2
(adjolning No. 1).

Dowling fleld No. 3
(adjolning No. 1).

Wm. Lightsey fleld.
Hogarth fleld

Copeland fleld
Rouse fleld

L. B. Tuten field....
Hawkins fleld

Ginn field (adjoin-
ing Hawkins).

Speaks fleld

Experimental plot
No. 5.

Experimental plot
No. 6.

Experimental plot
No. 7,

Eﬁgerlmantal ‘plot

Expatmsntal plot
xperimental plo
No. 3.

Corn completely
destroyed.

Uncultivated. ...

Qood corn; ‘no
apparent {n-
ury.

Oorn destroyed.

Uncultivated....

Corn _very se-

verely injured,

QGood corn crop;
no ' apparent
injury.

No apparent in-
Jury tocotton.

Uncultivated....

Corn not appre-
ciably injured.

Uncultivated

Corn very seversly
injured,

No apparent injury
to watermelons.

No Injury to corn
and beans.
Watermelons and
cowpeas; melons
badly injured.
Corn injured

Cotton severely in-
jured.

Corn destroyed by
wireworms.

Corn destroyed by
wireworms.

Corn totally “de-
&d

Uncultivated

Corn ruined by 139
larvae to 50 hills of

corn.

Cowpens apparently
uninfested.

Uncultivated

Qats followed by late

corn;

corn

stroyed.
Winter oats; stubble
undisturbed.

de-

Potatoeesd moderately

infest

Uncultivated

Good crop of corn;
Many hills exam-
ined; only 2 or 3

arvae,
Uncultivated

Cotton very severely
injured.

Corn severely [njured;
87 wireworms to 100
hills of corn.

Corn lightly Infested;
30 wireworms to 100
hills of corn.

Good crop of corn; no
sigas of injury.

Corn moderately in-
fested: 456 wireworms
to 100 hills.

No infestation of corn..

Oats with stubble un-
disturbed.

Corn and cottonseed;
moderate Infestation.

Winter oats; stubble
undisturbed.

Corn, 350 wireworms
to 100 hills,

No wireworm Infesta-
tion on corn.

Cotton very severely
{njured,

Good crop of corn; no
wireworms.

Uncultivated

Watermelons and cow-
as; only slight in-

Corn badly injured by
wireworms.

Uncultivated; screen
showed movement to
adjoining field.

Corn uninfested; sam-
pling showed no
wireworms.

QGood corn; only 16 wire-
worms to 100 bills of
eorn.

Corn seriously injured;
207 wireworms to 100
hills of corn.

Corn very lightly fn-
fested; 19 wireworms
to 100 hills of corn.

Lightly infested;
wireworms to 100 hills
of corn.

140 wireworms to 100
hills of corn.

Uncultivated.

Severe wireworm injury
to cotton.

Un cultivated.

Corn severely injured;
56 wireworms to 50
hills,

Cotton severely injured;
38 wireworms to 50
hills of cotton.

Corn very heavily in-
fested; 124 wireworms
to 100 hills of corn.

Corn very heavily in-
fested; 187 wireworms
to 100 hills of corn.

YNTIOUV) HLA0S NI TTOMINOD SIT ANV ICHOMTHIA ANVS

A
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Experiments with sticky screens so placed as to capture adult click
beetles in flight have proved that there is a definite movement of
females from idle fields to adjacent fields of corn and cotton and
that this movement is largely against the wind., This would seem
to indicate that the movement is a chemotropic response Lo the scent
of growing host plants.

In 1932 and 1933 sticky screens were erected hetween cultivated and
uncultivated fields, and the record of adults taken in flight is ex-
tremely interesting (table 3}. These data indicate that in both years
76 percent of the females captured were flving out of the idle land
toward the cnltivated fields of corn or cotton: also, that where the
sereens were so placed that they weve at right anples to the line of the
prevailing winds, an average of 77 percent of the females taken on
such sereens were moving qg‘umt the wind toward the adjacent fields
ot corn or cotton.

Tante S—Numbers of Horistonotus uliderii taken on sticky screens and in flight
between fields, Fairfar, 8. ("., 1932-33

Teetles taken on screens

On side next Lo

Year Total culidsaiad e : On side next to nneultivated feld
+

i
1
I

Afnle, [—cnmies Males chnle: Males : Femalos

Numnber | Number Number Nunther ! t.:mber i Pereent | Number | Percent
M . 45.2 : 28 76.3
AL T, 467 23 2”0 | I 64‘2 | 36,3 I 15 J 6.0

07 R [ SN ! 470 j 5] I Al 1 1 48 | 5.2

| Testles taken flying townrd enltivnted fieids

Year | Fotal Witly the wind Awnimst the wind
I; I e
1 Males ' Ferowles ;. Males -~ Feanales Mules : Feinales
Nywmher ! Number . . Number » Number | Numher | Pereent 1 Number Y Percent
‘ I 3 T w2 45,49 4. A7
W.oam 1 17 s w. o 9D
e g s w6 51.o| 27 i
i ]

The number of femuales tnken on these screens zeems very small.
both numerically and in comparison with the number of males, but
this s casily explainable, for tle actual sticky surface comprised
onlyv 3 Iinewr feet per sereen, and the catel was not oul of proportion
to the surface aren of the sereen compared with the total area through
which the flight occurred.

The app went dise repuney i the proportion of females to mades
i easily explained by the Tact that the fenndes ave known to fy
but once in their lives (immediately after mating), and that one
flighit apparently Jasts for o matler of seeonds ore at the most, for
winefes.  On the other hand, the males Live ml ave actively seeking
females for severnl hours cach duy for severnl davs. Henee the
opporlonity Tor capluring males iz \ARU\ grrenter,
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In the fall of 1932 two tight cages, each 10 feet square, were
erected. One cage was on Jand wiich had been uncultivated that
year and one was on land which had been planted in corn and had
been moderately infested with wireworms. The walls of these cages
were sunk in the scil to a depth of 4 feet and were believed to be
wireworm-tight. The cages were only 30 feet apart and both were
on land that had been umformly and moderately infested with wire-
worms in 1931,

Adult emergence in these cages was very Hght. Only seven adults
emerged in the cage on land that had been 1n corn, and two adults
in the cage on the uncultivated land. Although these figures are
small, seven adults per 100 square feet represents a good infestation
of the sand wireworm—mnearly one larve to each hill of corn.

EEEDING

The adults of many elaterids are pollen feeders, but apparently
Horistonotus uhlerii feeds principally by rasping the stems and
blades of corn and grasses and sucking the juices. As far as is
known, however, serious damage has never been recorded as resuli-
ing from such feeding.

In the laboratory, adults feed freely on the freshly-cut ends of
sections of green cornstalk.

LONGEVITY

It is impossible to state how long the adnit click beetle normally
lives, but in the laboratory the duration of life is only about 10 to 14
days. A few survive for 3 weeks. Females seem to live slightly
longer than males.

THHTOTIROPISM

There is a definite attraction of the adult male click heetles of this
species to lights. suggesting that some degree of control might pos-
sibly be obtained by the use of trap lights. Unfortunately, however,
females have never been fuken at a light. probably hecause thex
remain stuch a short time above ground.

THE LARYA
NATURE OF INGURY

The great economic loss occasioned by this inseel 15 due to the
feeding of the larvae, which uttack the roots and subterranean por-
tions of the stem of the host plunts, Tn cases of severe infestation
thé seed may be attacked as svon as it beging to germinate, and the
young plants are often killed hetfore they reach the surface of the
soil. This type of injury occurs typieadly in the dicotyledonous
plants such as melons. peas, awd cotton.  Such damage is, of course,
most noticeable in loss of stand, there scldom being any dwarfing
or stunting of the planis that escape this early death, The wire
worms often bore imto or gnaw the surface of the fleshy stem (fig.
9) but there is practieally no lunneling as is the ease with many other
species of wireworms, Aficr such plants have passed the seedling
stage and begun to develop a rooi system damage by the sand wire-
worm is not so severe,
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Injury to corn is of an entirely different character. With this
plant and ali of the Graminaceae, the stem, which is hard and fibrous,

Freony G—Injury to seediings by the sand wireworm: A, to beans; B, to cotton,

is rarely attacked, the injury being lurgely confined to the roots.
The small feeder rcots are cut off as fast as they develop, leaving
the plent literally to starve for lack of food and water (fig. 10).
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In 2 heavily infested field of corn the small, stanted stallss may be as
easily lifted from the ground as if they were sticks thrust into the
soil. In many Instances such corn is eventually killed or even if the
plants manage to remain alive there is small hope of their producing
any yield of grain. This type of injury generally econtinnes over a

PlersE T0-—Twa rorn pinnts of the i ot The wgee ony Che 3000 woas igjured by the
sad wirewormn ;) the ong on Fhe rigit I herlthy amd noraint.

Jouger period than the Tnjury o dicotviedonous planisz, persisting
ustally for from 2 to 20, menths (Trom (he middle of April until
pupation of the insecty wnd s consequently mneh more noticeable.

A surprising amount of dwmuge is often inflicted by a velatively
small number of Tarvae, A single wireworm will often Kl ontright
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a small corn plant or serionsly injure a Jurge plant.  An infestation,
therefore, of even one wireworm per hill of corn means a severely
damaged crop. An infestation of two or three wireworms per hill
of corn normally means the total destruetion of the crop (fig. 11},

is the some nge as (hat in dw middle of the pleture, but s a0 bamd that was unealti-
vated the preceding year s #, a8 elose-upe view of the injured pact of (e Qold,

FOUID T'LANTS

The lavva of the sad wireworn is an omutiverens feedery and there
are very few erops not subjeet to attack when growing in infested
soil, Conradi and Tagerton (/0 p. 8) stated that “the lavvae attack
the roots of practically all Tarm crops. as corn, cotfon, cowpeas, oats,
rye, peanuts, tobaceo, and others. They have also been ebserved very
seriously injuring very young walermelon plants.” (Gibson (2) added
sweetpofaioes, erabgrass, Johngon grasss and o wild bamboo to the
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list; and W. A. Thomas (8) further mentioned “hogweed a species of
goldenrod, growing in uncultivated fields.” )

The list of plants recorded in the course of this investigation is
even more extensive. and it has been found that these hosts may be
divided among three groups, as follows:

Group 1.~—Plants that are commonly attacked and severely injured
and upon which wireworms can develop satisfactorily: Corn, cotton,
cowpea, potato, and native lespedeza.

Group 2—Plants that are often attacked, but seldom seriously in-
jured for various reasons, particularly the fact that they are grown
during the period of wireworm inactivity: Tomato, asparagus, watep-
melon® cucumber,® peanut, oat, rve, Austrian Winter Pea, velvethean,
sweetpotato,” cudweed (Graphalivm spathulatum Lam.)® wild dew-
berry (fwbws sp.), crabgrass, and Fickardia scabra 1.8

Group 3—Plants that are only lightly attacked and wpon which
wireworms cannot, or do not, develop satisfactorily: Cabbage, nut-
orass (Cyperus rotundus L.), bur-clover, bamboo briar (Swmilax walteri
’i’ursg); (coral greenbrier), and trumpetcreeper (Bignonia radi-
cans L.},

Austrian Winter peas and small grains are planted in the fall and
make most of their growth during the period when the wireworms
are deep in the soil and relatively inactive. When the wireworms
are heginning to feed actively in the spring these crops have become
hard and tough, with a strongly established root system, so little
injury is ever apparent.

Velvetbeans, although belonging to the two-leaved seedling group,
seem relatively tmmmune to attack. not because of the time of year
when they are planted but because of their immense, fibrous root sys-
tem and their extremely vigorous growth. It is a matter of common
observation throughout the arvea infested that small grains and velvet-
beans are crops that can be planted safely on Iand subject to wire-
worm infestation,

METIIOBS QF FEEDING

Some species of wireworms are predacious, feeding principally
npon other insects; and certain species have heen suspected of feeding
principally upon organic matter in the soil. Langenbuch (5) states
that in Germany Agriotes obscurus (1) and A. Ineatus (L.} feed
upon organic matter in the soil. Flowever, the majority of the wire-
worms of economic importance in the United States, including Horis-
tonotus whlerii, are known definitely to feed upon living plant tissue.

The sand wireworm feeds upon the roots, lnldergl'uunﬁ stems, seeds,
seed pieces, and tubers of plants. It may bore Into a stem or seed,
gnaw smalil pits 1 the surface of a seed, seed piece, or tuber, or cut
off the small roolz, In some instunices the feeding apparently consists
of a pressing out of the plant juices, but usually a portion of the
stem, root, or seed is complelely eaten away, -

In the course of various experiments no evidence was obtained to
indicate that the sand wirewornt utilizes organic matter in the soil

& Early-planted watermelons aad cucumbers are geldon, seriously hjured, bui Tate plant-
Inge nre often Yudly donaged.

T Sweetpelaloes planted after JTuly 10 are seldom indored, ut carly sef gwerlpotaloes arp
pometimes severely injuresd.

SDetermined by 8, . Iilake,
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as Tfood. Wireworms placed in cages containing soil rich in humus,
but witheut other food, died within 60 days.

LIOVEMENT THROUGH 50IL

Horistonotus whierd 1s found only in a very light, sandy soil and,
as Hyslop (4) has pointed out, the species is adruirably adapted for
relatively rapid movement through such soil. This movement, how-
ever, seems to be confined prineipally to a vertical rather than a lateral
plane. That H. whlerii is capable of considerable lateral travel there
can be no doubt, as there have been definite records of a Iarva travel-
ing as much as 30 feet (not in a straight line) in 24 hours. However,
there is much evidence leading to the conclusion that the larvae sel-
dom move 25 or 30 feet away from the place of hatching. In the ex-
perimental fields the margins of the various plots have been usually
quite sharply defined, and in only one or two instances has there
been any indication of an apparent movenent of wireworms from one
pPlot into another. In these cases the infiltration did not seem to
extend more than s few rows. Both in the field and in the laboratory
it has been noted repeatedly that after the soil had been disturbed
the wireworms very quickly established a system of burrows, and
there seemed to be a distinet preference for moving through these
established burrows rather than promiscuously through the soil. This
habit of using burrows may expinin in part why there is so little
tendency for the larvace in heavily infested plots to move over into
adjoining lightly infested plots, '

SEABONAT, MIGRATION

Since this wireworm is very sensitive to differences in soil mois-
ture and temperature, it seems to follow the movement of optimum
femperature and moisture up or down in the soil. Late in the
spring and in summer soil moisture seems to be the principal factor
determining movement but with the coming of colder weather tem-
perature seems to assume a relatively greater importance. This
movement is definitely vertical to a surprising degree. During the
winter larvae are concentrated directly underneath the host plant
upon which they last fed in the antumn,

As evidence of this concentration the following observation may
be cited : Fifty-seven samples of snil were taken ail a depth of 12 to
24 inches directly under corn or cotton plants during the winter
of 1932-33, each sample consisting of approximately one-half cubic
foot. From these samples 45 wireworms were taken, whereas 80
similar soll samples from the sume depths, but taleen at random and
not ditectly under any host plant, yielded only 2 wireworms.

OVERWINTERING

The winter is passed in a stratum of almost pure sand at a depth
ranging from 18 to 30 inches. There is very little food at this
soil depth, and feeding by the wireworms during the winter period
mmust be very limited. Apparently a modicum of feeding durin
this period is essential, because larvae confined in cages without foo
during the winter, but in which winter conditions in the field were
gtherwise simulated, have never survived for a period exceeding 60

ays.
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During this winter period all activity seems to be slowed down,
but there is never any true quiescent period or hibernation. Wire-
worms dug up during the winter have been sluggish, but would
erawl about slowly or burrow into the soil.

CANNIBALIBM

Almost all wireworms are reputed to be cannibalistic, and this
tendency seems to be aggravated when a number are confined in
a small container. If a number of larvue of Horistonotus whlerii
are confined overnight in a
pint receptacle full of soil
but with no food present,
many of the wireworms
will be killed. The sand
wireworm seems to be very
irritable and will attaek
and bite anything that
touches or disturbs it. The
integument is neither so
tough nor so highly chitin-
ized as is that of mosk
other species, consequently
it is easily pierced by the
powerfol mandibles, and
several cases have been ob-
served under cage condi-
tions where one wireworm
fed upon another, appar-
ently hurying its mandibles
in the soft body and suck-
ing the body juices.

It is quite probable that
the cannibalistic tendency
is infiuenced by food sup-
ply. Indications are that Tioute 12 -Diagrum, showing motod of tuking
cannibalism seldom occurs  in'w corniield. Eneh dot represents one hifl of
under natural field condi- 5ot Rad The hinG 50 incner aonss e e
tions. Ttisnotatall uncom- 1y examiuatioly were mader il by iond
mot to find as many as Is senting the _Iuc:xtiozm of the irst snmples (nken
or 20 wireworms under u e L:{g?:?-oli'i:i:';:ifcf;-’?i“é-‘i}aicﬁlﬁu?ﬁ'??a?‘;ﬁf*ﬂi
single small Il of corn, (I-]_ﬁttmined from areund the roots in cach sumple
and the writer hag collected “
as many as 41 active wireworny from a G-inch cube of carth about
the roots of one small corn plant; yet in no instance has a wireworm
ever been collected in the field showing injury from the bite of an-
other. TFurthermore, no mortality ceeurred from the confinement of
four or five larvae in a G-inch flowerpol. where there was plenty of
food, although the period of confinement on several oceasions lasted
4 or 5 months.
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POIULATION PRIt ACRE

Workers with other species of wireworms have reported very

heavy infestations, in many cases several hundred thousand per
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acre. Miles and Petherbridge (6}, in 1927, reported an estimated
population of Agriofes, in England, of from 215,000 to 510,000 per
acre. M. C. Lane, in recent correspondence, has stated that in the
Pacific Northwest, infestations of the Pacific coast wireworm
{Limonius canus Lee.) offen exceed 1,000,000 per acre.

Such records are in marked contrast to infestations of the sand
wireworm noted in South Carolina, The heaviest infestation ever
found by the writers was estimated at only 9,185 per acre, based upon
a count of wireworms per 100 hills of corn with a theoretically eom-
plete stand. whereas the actual stand was far from complete, so
the infestation probably fell much Lelow that firure, In North
Carolina and South Carolina during April and May most of the
wireworms in a given field are concentrated in close proximity to
the young corn plants. In no instances have larvae ever been taken
in the middle of the rows, and at this season it is doubtful whether
even 5 percent of the wireworm population at one time would he
found at any distance from a Lill of corn. In the spring of 1981, as
soon as the young plants were above the ground, infestation records
were takon on strips 1 foot wide and 50 feet long (50 square feet)
directly on rows of drvilled corn, cotton. and potatocs, and also on
check strips of the same gize bebween the drilled rows which were
8§ feet apart. In the upper 6 inches of the 50 square feet of corn
row there were 79 wireworms; in the cotton row, 19; and in the
potato row. 23; wherens in the three check strips between the rows
there was not found a single wireworm. Even assuming, however,
that 50 percent of the wireworms were scattered through the large
surface area not divectly under the hills of corn there would still
be a hypotletical infestation of less than 20,000 per acre.

In making examinations to determine wireworm population during
the course of this work, a systematically random method of sampling
{fig. 12) was nsed which furnishes an indication of the infestation
in each part of every plot.

TORMATION OF PUPAL CELL

The pupal cell is found in the soil at a depth ranging from 4 to 5
inches. It is merely a small, unlined, oval-shaped space formed by
the twisting movements of the mature larva,

NATURAL ENEMIES AND CHECKS
PARASITES

WWirewornns are remarkably free from parasites. In hig review of
literature referring to parasitism among elaterids, C. A. Thomas (7)
mentioned only one instance of a wireworm parasite attaining eco-
nomic importance. In this instance,s serphid, Paracodrus aptero-
gynus (Hal.), was recorded as parasitizing an average of 25 percent
of the Tarvae of Adgerictes obscurus (1) collected in Esthonia in 1925.

Gibson (2) stated that he never sueceeded in rearing any internal
parasites from larvae of Horistonotus whlerii Horn, and Conradi
and Eagerton (Z) merely recorded the death of a few larvae “pre-
snmably from an annelid parasite observed in their bodies.”

In 1931 2 number of sand wireworms were collected in the field
near Brunson, 8. C., and many of them were found to be dying, ap-
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pavently from the attack of a nematode, identified by G. Steiner of
the Bureau of Plunt Industry, United States Department of Agri-
culture, as a species of Diplogaster, a form not known to be parasitic,
Hovwever, during the course of the season of 1981, 814 percent of all
field-collected larvae, several thousand in number, died, apparently
from the attack of this nematode.

T 1934, nematodes in dead, laboratory-reared wireworms were
identified by Dr, Steiner as Cephalolius persegnis Bastian, a known
parasitic form.

On various oceasions sand wireworms have been collected which
were apparently killed by a parasitic fungus. In the spring of 1934
a group of such larvae coilected at Fairfax, 8. C., were found by Vera
K. Charles of the Bureau of Plant Industry, to be attacked by a
species of Fusarium and by dspergillus flavus Link, but Dr. Charles
staterl that these fungi were apparently secondary rather than actu-
ally pavasitic. At a later date Dr. Charles observed in another collec-
tion of dead wireworms what appeaved to be resting spores of an
Entomophthora very closely resembling Fatomophthora carpenticri
Girard, a definitely parasitic form.

PREDATORS

Conradi and Tagerton (7) recorded that a dipterous larva, Psilo-
vephtia sp., probably pictipennis {Wied.), and another elaterid Jarva,
Conoderus respertinus (F.), ave predacious upon the sand wireworm;
and that a robber fly, Proctaconthus brevipennis Wied., a tiger beetle,
Cicindela mfiventris Dej., and n spider, Peucetie viridans (Hentz},
are predacicus on the adult beetles.

Gibson (2) did not mention predators except to state that birds
feed upen “all kinds of wireworms.” -

At Fairfax the larvae of a therevid fly, Psilocephale rufiventris
Locw,? hias been known to prey upon the sand wireworm to a minor
extent. When confined in experimental eages, however, these therevid
larvae did not prove to be effective predators, since only an oceasional
wireworm was attacked by them.

Three hemipterons, Oncocephalus geniculatus (Stal), dpiomerus
erassipes (F.), and Zelus cervicalis Stil.® have been ohserved feeding
upon adults of Horistonotns vhierii, as has also the spider Peucetia
riridans. It seems probable that the robber flies. the cicindelids, and
numerous birds must feed upon these click beetles to some extent, but
1o definite observations have been recorded upen this point.

All the predators ecombined. however, are very inefficient, since their
activity is necessarily confined almost entirely fo the male Dheetles.
The females are exposed to attack for snch a short period of time
that t}_;.e predators’ opporbunity to attack them is necessarily very
limited.

EFFECTS ON THE WIREWORM OF EXTREMES IN SGHL MOISTURE

The sand wireworm is known to be exceptionally sensitive to ex-
tremes in soil moisture. It is not so highly chitinized as the majority
of wireworms, and consequently is not so well protected from adverse

* Delermined by C, . Greene,
# Determined by H, G. Barher.
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conditions. Very dry soil, or even exposure to air-dry soil for a few
minutes, is Invariably fatal. Conversely, excessive moisture is equally
fatal. The sand wireworm was never found in completely dry soil or
in low, heavy, wet soils (fig. 13). From 34 to 65 wireworms per 50
hills of corn were found 1in soils that had a moisture content of from
4.07 to 6.18 percent down to 14 inches below the surface after a heavy
rain, but none were found in soils that at such a time could hold
irom 14 to 20 percent of water. In periods of drought the larvae
move deeper into the soil, apparently in search of meisture. In rear-
ing cages the larvae quickly swccumbed to either excessive dryness
or ﬂooﬁing.

In 1932 the rearing cages were located on relatively low ground,
and a very heavy rain completely flooded them. The water was

g . . T
. 1 s T TR B F

Treure 13.—A cornSeld showi

T L

ng the effect of wireworm infestation in the foreground on
light soil, while there iz a good stand of corn beyond on a lower, heavier type of soil.

drained off within an hour, nevertheless approximately three-fourths
of all the wireworms in the flooded cages were killed. This was prob-
ably due to the flowerpots bemng tight enough to prevent rapid drain-
age, and as a consequence the contained soil was maintained in a
sapersaturated condition for several hours. It has been suggested
that the reason the sand wireworm is found in only one particular
type of soil is that this type cannot be flooded for any lengthi of time.
In such soil the underlying strata of sand function as subterranean
channels to carry off quickly any excess water, even under condi-
tions of very heavy precipitation.

In view of the indicated sensitiveness to excessive soil moisture,
reports of drowring of sand wireworms as the result of heavy rains
would seem ercirely credible, at least under some soil conditions.
On several orcasions reputable farmers have been heard to state that
they had scen entire fields depopulated of wireworms by heavy rains
and thai the wireworms were evidently drowned, since they came to
the surface of the soil, where they could be readily seen, and died in
large numbers.
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Field observations, however, have not substantiated the belief that
excessive soil moisture induced by heavy rains causes high wireworm
mortality under all conditions. On May 28, 1934, over 5 inches of
rain fell at Fairfax within a period of 24 hours, and the soil of the
experimental plots was apparently saturated with water for at least
24 hours, Again on June 4, only 6 days later, nearly 3 inches of rain
fell, and the soil was again saturated for a period exceeding 24 hours,
Ajr temperatures recorded on these dates were, for May 28, maxi-
mum, 53°, minimum, 51° F.; and on June 4, maximum, 81°, mini-
mum, 66°. The mean soil temperatures at the 2-, 4-, 6-, and 21-inch
depths were 53.5°, 54°, 55°, and 56°, respectively, on May 28, and
66.5°, 66°, 67°, and 62°, respectively, on June 4.

Since infestation counts had been made in the plots just prior to
ihe first rainfall, the wireworm infestation was definitely known.
One week after the second rain the soil in the plots was again ex-
amined and it was found that there had been no appreciable decrease
In the infestation in any of the plots. It seems extremely doubtful,
therefore, whether heavy rains would be effective in drowning this
wireworm, under the soil conditions in these plots.

ARTIFICIAL CONTROL
DIRECT CONTROL

Sinee the wireworm spends practically all its life in the soil, where
a poison spray or dust ecannot easily reach it, almost the only possible
direct control measure is soil fumigation. This, however, would be
very expensive, and its benefits are so temporary that its use can be
justified in only a few exceptional cases, as the cost of soil fumigation
- 1s usually more than the value of the crop involved. The average
farmer or gardener living in the area infesi.d by the sand wireworm
cannot afford to consider such a method; for even if the treatment
were effective in completely ridding the land of wireworms, the
protection would last only a few months,

No tests of soil fumigants against the sand wireworm have been
made by the writers. Both carbon disulphide emulsion and calcium
cyanide have been used successfully against other species of wire-
worms, but the expense of using these materials is so great that only
florists or gardeners might at €imes make use of such a method of
control. Perhaps some very cheap soil fumigant may be discovered in
the future, but the writers know of no such material.

INDIRECT CONTROL

Since a direct control is impractical, it is necessary to adopt an
indirect method. Such a control has been developed; and although
slower and less spectacular than a direct control would he, it is
eflicient, economical, and so ensy and simple to apply that any farmer
can make use of it.

There 1s no known method by which this pest can be completely
eradicated from the land, nor is any single satisfactory method known
by which the sand wireworm can be controlled, Nevertheless, by the
adoption of the farm practice discussed in this bulletin and by the
modification of certain other practices wireworm losses may be greatly
curtailed.
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TAKD RESTING

Land resting is one of the oldest and meost effective methods of
controlling the sand wireworm. TIf a farmer has sufficient land to
permit half of his fields to lie idle each vear, the wireworm problem
1s easily solved. The adult beetles emerge in the uncultivated felds,
and the majority of the females fly to adjacent fields of corn, cotton,
or cowpeas, to deposit their eggs.  Consequently, the following vear
the infestation is nsually very light in the fields which were rested.
Pasturing is just as effective in ridding land of wireworms asis letting
it prow up in weeds,

When prices were low, the wireworni problem was of minor im-
portance in Seuth Carclina, since the majority of the farmers had
much more Jand than they could cultivate profitably. Under such
circnmstances the proceduare of Iand rvesting offered n very simple and
effective remedy for this pest. Under normal conditions, however,
most farmers feel that it is necessary tn utilize every acere as fully as
possible all the time in order to make a profit: and under such
conditions Tandd resting camot be practiced, except at a very Teavy
cconemic loss.

PLANTING BESISTANT CROCS

There is a marked difference in the ability of varicus crops to toler-
nte wireworm attack.,  Corn, cot{on. and potalocs seem to be the most
susceptible of the major crops to injury by the sand wireworm. with
cowpeas a close fonrth. Peanuts, asparagus, beans, and cucumbers
are flso sometinmes injuved.

The more resistant erops ave prohably the small grains, partionlarly
oals and rye, velvetheans, tomatoes, early watermelons, and late sweet-
potatoes.  Cabbage seems practically immune to attack by this insect.

The comparative immunity (o injnry of some of the foregoing crops
is Jargely dependent upon the season of the year the crop is planted.
Thus small grains escape wireworm injury on infested land. noi be-
cause the sand wireworm does not attack them, but because of the fact
that, these grains are usually planted in the fall awd make most of
their growth during the period of the vear when the wircworms are
deep in the soil and relatively inactive.

TLANTING AT SATE DATES

In South Carolina the sand wireworm uswally does not hegin io
attack crops in the spring wntil gbout the middle of April, and for all
practical pnrposes the injury may be said to cease about the middle
of June. Crops arve never serionsly injured late in the summer. in
fall or winter, or early in the spring. The danger period iz from
April 15 to June 15, It is obvious, therefore. that the planting of
susceptible erops shonld be avoided during this period.

AVOIDANCE OF INFESTATION

The eggs laid by the females of Horistonofus whlervii one smmmer
produce a wireworm infestation which is injurious the following
spring. Ewvidence has been obtained that the female bectles are
definitely attracted for egg laying to land on which cevtain crops are
growing. Corn, cotton, cowpeas, and potatoes seem to be especially
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attractive. Approximately 75 percent of the eggs are usually laid
during the last 2 weeks of June and the first week of July. It is
evident, therefore, that if land is kept free, during that period, of any
crop that will attract the egg-laying females, an infestation can be
avolded on that land the following year.

CROP ROTATION

Since the female beetles of the sand wireworm are attracted to
growing crops of corn and cotton, this attraction may be used to
advantage in arranging crop rotation as an important method of
combating this pest. Land planted to 2 susceptible crop for 2 or
more years in surcession will build up a large wiveworm population
so quickly that almost any crop planted therein will be destroyed.
On. the other hand, by using a rotativn in which a susceptible crop is
followed by a resist-
ant erop, & wireworm
infestation may often
be reduced to a point
where serious crop
injury will not occur.
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benefit can he ob-
tained, and the wireworm injury reduced, by the incorpomtRn of
organic matter in such soils, especially through the plewing under of
leguminous or other cover crops and by heavy applications of stable
manure or compost.

The improvement. of the soil with heavy applications of organic
matter will not rid land of wireworms, but it will aid greatly in
enabling the growing crop to overcome or tolerate wireworm attuck
(fig. 14). Humus increases the water-holding capacity of the soil
and stimulates a heavy, vigorous growth eondition which is especially
needed in combating the sand wireworm.

In the presence of heavy wireworm infestation, the plowing under
of winter cover crops over a 3-year period, without other treatment,
increased the yield of corn from practically nothing to 19 bushels
per acre (fig. 15). In studying this figure, an increase of wireworm
population will be noted in 1983. To some extent this increase is
common to both plots, and in part may have been due to unknown
factors such as often cause a natural seasonal fluctuation in the size
of wireworm broods. However, the unusually sharp rise in popula-
tion in the no-cover-crop plot might perhaps have heen due to the
fact that in 1932 three-fourths of this plot received a treatment of raw
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cottonseed. Some of this seed germinated and the cotton stalks grew
among the cornstaiks during the entire season and remained alive all
winter. It is quite possible that the presence of this cotton increased
the winter survival of the wireworms.

The relation between the humus content of the soil and sand wire-
worm injury s often illustrated in fields of corn or cotton which,
although practically ruined by the sand wireworm, contain one or
maore spots where the plants are large, vigorous, and normal in every
way (fig. 16).  Such spofs are almost invariably either on low ground
representing a heavy type of soil in which wireworms will not live.
or in a portion of the ficld where a pile of oaf straw or hay was
allowed to stand the previous winter, with the vesult that much of the
straw in contact with the damp ground rotted and was later plowed
under.  These examples provide evidence of the henefit. to be derived
from incorporating humus in the oil us an aid to wireworm control.
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IMPRACTICAL REMEDIES

Numerous niethods of direet control have been tested aguinst the
sand wireworm hut all have proved valueless, impracticable, or. at the
best, of only slight benefit, Some of these methods are worthy of
briet discussion.

sERD TREAVEMEXY

There is no known seed treatment that will prevent the sand wire-
worm from attacking young plints, because this species does not feed
upon the surface of planted seed.  They sometimes bore into a germi-
nating seed and feed upon the tiny =prout. but the principal injury
Is to the young stem and roots.  Bven 1f the seed conld be entirely
proteeted, this practice would still not prevent wireworn: damage.

INSNUTH IDES

With the exception of soil fumigants, which are impracticul on a
field scule in the Soulh Atluntic States af this Ume because of the
expense, thers 18 no known method of reaching this pest with a poison,
Wireworms feed upon the roots and underground portions of the stems
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of growing plants and consequently they vannot be killed by wixing
a stomach poison i the ~oil i quantities considered practical, Creat-
ment of the <oil with Jead wraenate at dosages up (0 400 pounds per
acre i~ ])l’n\':-:l worthile—,
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Soil treatment with paradichlorobenzene was ineffective, even at
dosages of 2,000 pounds per acre.

Treatment of land with lime, kainit, nitrate of soda, and cyanamid,
although beneficial to crops from a fertilization standpoint, showed no
value as a dircet control method against this wireworm, None of these
materials evidenced any repellent action at any of the dosages tested.

BAITING

Larvae of the sand wireworm do not seem to be attracted to any bait
except germinating seed. The germinating seeds of corn, cotfon, and
ocats exert some attraction but not o a degres that will allow this reac-
tion to be used as an aid to control.

There scems to be & theory, rather prevalent among the farmers of
the Fairfax section of South Carolina, that drilling cotfonseed adja-
cent to a row of an infested crop or burving a handful of cottonseed
adjacent to an infested hill of corn will afford protection from the
sand wireworm. Experimental tests have not substantinted this
theory. A few wirewonmns are attracted to the germinating cotfonseed
but not in suflicient nmuabers to afford any degree of protection fo the
erop. On the other hand, the use of cottonseed has the decided disad-
vantage that unless care is cexercised to prevent the growth of the
cotton it may serve to increase the wireworn population the follow-
ing year. This reaction is probably due to the fact that in South
(avolina, and farther south. cotton grows as a perenmial and the routs
serve as o food supply for the wireworms during the fall and winter
and early in the spring. Even when the cotton is plowed under in the
fall, many roots remain alive all winter, and the sand wireworm feeds
to a limited extent during this period.

PLOWING

Winter plowing will not control this pest.  The winter is passed at
a depth of 18 to 30 inches in the soil, far below the plow line.

Summer plowing is also ineffective. A few individuals might be
illed by actual contact with the plow, but the sand wireworm 1s very
active, and merely tarning them up to the soil surface has no apprecia-
ble effect in reducing their abundance. They burrow back into the seil
too quickly for any significant number of them to be canght by birds
or other natural enenties, Furthermore, only a small percentage of the
total wireworm population is turned up by the plow, since the larvae
arve concentrated under the rows of growing plants.

TALLOWING

Laboratory tests indicnted thal the sand wireworm might be success-
fully starved by maintaining an absolutely clean fallow during the
fall and winter and early in the spring. Sixty days of such treatment
m the laboratory was suflicient to kill 100 perveent of the wireworms,
Consequently a series of field experiments was conducted in 1933-34 to
test the possibility of utilizing fallowing as an aid to sand wireworm
control.  Tight plots of 1 acre each were prepaved, and one-half of
exch plot was enltivated thovoughly at regular intervals for a varying
length of time,  Tnthree plots the fallowed half of the area wag main-
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tained in u state of clean cultivation for a period of 150 days, from
November to April. In two plots the fallowed half was cultivated
for 100 days, from January to April. In three plots the fallowed half
was kept clean for a period of 60 days, from February to April.

A study of figure 17 will readily show that fallowing was of little
or no value as a control measure for the sand wireworm in any of the
three series of plots. This experiment leaves several unanswered
questions. In particular, was there an actual die-off in the undis-
turbed fields? It is doubtful, even though there seems to be an appar-
ent indication of this in some plots. There was certainly an abundance
of food in the undisturbed plots, and at that season of the year it
scarcely seems as if there would be very much difference in the tem-
perature or moisture between the fallowed and the undisturbed fields.

IVFETIRIION OF SN0 BICEH e
Y FALLOBED FLO7S

[’/M‘Z‘J‘ TATIGY 1Y FLOTS LEFT UNOISTHOERED
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Frares 17 —Experiments in allowing land to lie fallow for various periods for the control
of the sand wireworm, Falrfux, S. O, 1033-34.

Rainfall was lighter than normal during a part of the period, but the
so1l of all plots was moist during the entire period.

One reason for the success of fallowing in the laboratory and its
failure {n the field was the inability entirely to eliminate a food supply
in the field. The fallow plots were kept ahsolutely free of all grow-
ing vegetation—there was never any weed or grass growth on top of
the soil—but soil samples showed that germinating weed and grass
seeds were present in the soil below the surface throughout the entire
winter, In plowing these plots many seeds were buried to a depth
of § or § inches, and some of them germinated and made a growth of
several inches without approaching the surface of the soil. It is even
conceivable that these buried seeds furnished a better and more read-
ily avallable food supply than did the roots of the plant growth on the
undisturbed plots.
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TRAP LIGHTS

Treapping of adults of this wireworm with lights is Ineffective.
Many adults may be caught in this manner, but all those caught have
proved to be males.

CONTROL RECOMMENDATIONS

When a swrplus of land is available, flelds infested by the sand
wireworm should not be planted oftencr than every other year.
Resting land for 1 vear will greatly reduce the mnnber of wireworms
the following year,

Crops such as corn and cotton. which are susceptible to severe
wireworm injury, should either be planted as early as possible and
stimulated into rapid growth with commercial fertilizers and culti-
vation, or the planting of such crops should be delayed until after
July 10.

Polatoes and watermelons should always be planted as carly as
possible in the spring.  Barly planting is particularly important in
(he ease of walermelons because nost of the injury to this cvop ceeurs
when the plants ave in the seedling stage. Tt has been demonstrated
repeatedly that on land infested with the sand wireworm, early
planted melong will eome up and produce a satisfactory crop when
it is almost smpossible to ebtain even a partial stand with those
planted late.

On infested land forage crops, cover crops, and sweetpotuatoes
should not he planted before July 10, By practicing such a delay,
injury by the large, nearly mature wireworms is avoided and the
danger of attracting the Temale beetles is also Jargely eluninated.
For instance: Cowpeas planted in April or May are not only liable
1o serions injury but will probably attraet egg-laying Temale beetles,
and thus be responsible for a heavy wirewerm infestation the next
year. However. cowpens planted sfter July 10 are not subject to
werious wireworm damage that veur, and there is no chance of their
cansing an infestation the following vear.

This should not be construed to mean that cowpeas should not be
planted in corn hefore July 10, The female becetles wre attracled to
cornficlds in any event. and it ean add very little to the danger to
plant covwpeas in the corn. Planting cowpeas or beans helween the
rows of cortr duving the Jast culiivation is n very valuable means of
inereasing the soil himns, and siuel an apportimity should not be
neglected.

Soedbeds should e carefully and thovonghly prepared, cotamaereinl
fertilizers used when possible, wl a good state of cultivation main,
fwined at all times,  Sueh practices are important in any system
of farming, bnt in combating the sand wireworm it is particularly
necessary to have all carly crops up and growing vigorously in the
spring, when the attack of the pest begins.

The soil shoukd be improved st every opportunity by additions
of organic matter such as stuble manure and compost, and by the
use of leguminons or winter cover crops. supplemented by the plant-
ing of beans or peas in corn.
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In addition to the foregoing, an agronounically acceptable plan of
crop rotation is extremely important. Such a rotation should take
advantage of the advisability of early and late planting, the sus-
ceptibility of different crops to wireworm injury, and the nhecessity
of building up the soil fertility. The following rotations are
recommended :

In instances of severe wireworm infestation a 2-year rotation, as
deseribed below, is advised,

First yea?’.—émall grain goats or v e?. After cutting the grain,
the land must not be planted before July 10, if infestation the fol-
lowing yesr is to be avoided. After July 10 plant a cover crop, a
hay crop, or late sweetpotatoes. Late in the fall, after hay or sweet-
potatoes have been harvested or cover crops turned under, plant a
winter crop such as Austrian Winter peas or vetch.

Second year—~Turn under winter cover crop and, as guickly as
the land can be prepared, plant corn, cotvon, or other susceptible
crop.

When the wireworm infestation is known to be light, & 3-year rota-
tion may often be used to advantage. Thus:

First year—Same as first rotation plan,

Second year—Turn under winter cover crop early in spring, and
as soon as possible plant corn, cotton, or other suseeptible crop.
After the crop is harvested in the fall, plant a winter cover crop
such as Austrian Winter peas, or vetch.

T'hird year~Turn under the winter cover crop early in the spring
and, as 1uickly as the land can be prepared, plant one of the less
susceptible erops, such as velvetbeans, tomatoes, or early watermelons.

Susceptible crops such as corn, cotton, or cowpeas should not be
planted on the same land 2 years in succession. The practice of fol-
lowing corn with cotton, cotton with corn, corn with corn, or cotton
with cotton leads usually to severe wireworm infestation in localities
where the pest is abundant.

SUMMARY

The sand wireworm range is confined to a particular type of light,
sandy soil, and the insect occurs in certain areas of the South Atlan-
tict States, the Gulf States, and several States in the Mississippi
Valley. Ifis a pest of nearly all cultivated crops, particularly corn,
cotton, and cowpeas,

In the South Carolina Couastal Plain this wireworm has a 1-year
life cycle, with approximately 12 days passed in the egg stage, 852
days in the larval stage, 11 days as a pupa, and, in the laboratory,
10 to 14 days as an adult,

No important natural enemies were found during this investiga-
tion, nor have any been reported.

Direct, control of this insect is not practical, but a large measure
of relief from the pest can be obtained by the following practices:
Land resting, attention to favorable planting dates, avoidance of
attracting the egg-laying female beetles, and building up soil fer.
tility with humus. An’ acceptable crop rotation has been very
successful.
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