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INTRORUCTION

Insects continue to be one of the maior problems of man. It is,
however, becoming more and more éifiicult tc find substances that are
effective in controlling insects and that are environmertally safe.

It has become apparent that to contrel or eliminate harmful insects,
alternata methods of control wust be developed to replace or reduce
the use of insecticides.

One possible alternate methed of control is to use insects against
themselves in a process celled the sterile male technigue. 7This tech-
nique generslly uses gamma radiation to induce sterility in males.

When they are releassed into tbe native population z2nd mate with
females, no offspring are produced.

The purpose of this work was to test the effects of gamma radiz-
ticn on the scuthern corn rootworm (Diabroiica undecimpunctata howardd)
to detewmine if this insect Js a possible candidate for the sterile
male te;hnique. The first objective was to determine if the southeru
coern rootworm could be steriliized with sublethal doses of gzmma
radiation. The second okjective was to ccmpare the longevity and

sexnal corpetitiveness of the sterilized males with untreated males.




LITERATURE REVIEW

The Southern Corn Rootworm

The southern corn rootworm (SCR), Diabrotica undecimpunctata
howard{, 1s also commonly cajled the spotted cucumber beetle and
belongs to the class Insecta order Coleoptera. The SCR is widely
distributed, occurring in most parts of the United States east of the
Rocky Mountains, in southern Canada, and ir Mexico (2, 32).

Even though it is a widely distribuied insect, the SCR does most
of its econouiic damage in the Gulf Coast states. For some specific
ezamples, seventy-five percent of the corn crop in Marengo County,
Alabama was cestroyed by SCR larvae in the spring of 1977 (1C). 1Ia
several corn fields in Houston Cecunty, Alabama, twenty percent of tlhe
corn crop was danmaged by larvae (10).

The SCR damages other crops in addition to corn. Im 1974 SCR
larvae destroyed 100 acres of grain scrghum on a dairy farm in Perry
County, Alabama (8), and during 197€ in Houston County, Alabama SCR
lavvae infested thirty percent of the peanui plants (92).

The adult SCR is a pest of the Scuth Carolima vegetable industry
causing damage ton cucumbers, watermelons, squash, and cantalope.
Cexbined damage estimates from both larvae and adults in South
Carolina alcne is 3$200,000 a year (15).

At the present time in South Carolina 250,000 acres of corn are
treated with Furadan? (carbofuran,®. It is estimated that tweaty per-
cent of its usage 1s attributed tc the control of rootworms (15).

Earlicr, several other scuthern states reccmmended the use of aldrin,




heptachlor or chlordane for treatment in fields where rootworms were
expected to te a major problem (24, 32).

One effective metlod of control for the SCR that deces not involve
pesticides has been late planting of corm on land that is frequently
cultivated befere planting to keep vegetation down (32). This tech-
nique is used vhere possible,mainly because it is extremely difficult
to eliminate SCR larvae from the coil cnce the crop is germinated.

Nature can be an effective aid in the control of the SCR under
certain conditions. It has bteen veported that as many as twenty-£four
species of birds feced upon the adult SCR. Temperature is another
natural control, because the adult SCR cannot withstand extremely low
temperatures. Hot, dry weather is detiimental to all developmental
stages {2). It is, therefcre, common for SCR damage to increase in
years having adequate moisture and heavy vegetation and to decrease in
vears that are dry with little vegetation.

The SCR survives the winter in the south. Adults become inactive
on days when the temperature drcps below 21° C and females oviposit
very few eggs during the winter months. As the temperature increeses
in the spring, the adult SCR will migrate northward. The females,
which copulate only once, deposit eggs in the soil around the base of
plants or randomly througnout the soil. An early study by Arant (2)
showed one female laying & total of 1198 eggs. Guss and Krysan (18)
found in the laboratory that the SCR femele deposits an average of
about 20 ecgas/day. The time of incutation for egg development is
directly relaved to the temperature. Eggs held coanstantly at 25° C

will usually hatch In six to ten days.




The larvae, upon hatching, immediately bore into the roots of

surrounding plants. The larval period comsists of three instars, and
the larvae increase in size until the formation of the prepupa, at which
time feeding stops. The time to complete larval development, about 13
days in the laboratory (4), depends on temperature and the amount cf
feeding that occurs. Prepupce form a cell in the seil and turn into
pupae from which the adultsz emerge after five to seven days (4). The
SCR generally has three generations a year in the south (2); however,

cnly a partiel second generatiocn occurs in the north (32).

Contiol of Insects bv the Sterile Male Technique

Some insect pests can be effectively contrelled by a method called
the sterile male technique. In brief, this process involves the
release cof overwhelming numbersc of sterile males into a native popula--
tion thereby disrupting vreproduction. There are three basic require-
ments for this type of insect control to te successful: 1) the tech-
nology and materials to rear the insect on a large scale must be avail-
able and economically feasible, 2) there must be an effective procedure
to sterilize the male with one hundred percent certainty and yet not
interfere with its longevity or ability to compete sexually with the
native males, 3) there must be a method of releasing the sterile males
so that they will be undamaged anéd well uwixed with the native popula-
tion (25, 26, 27, 30, 33, 44). It is preferable that the female mates
only once; however, this is not essential (26). It is alsc preferable
that the area to be infested with the sterile males is isolated sc that

the problem cf reinfestation does not cccuwr (44).




A study of the area to te infested 1s required so that an esti-
mated number of sterile males to be released can be decided upen before
the rearing procedure is started (29, 44). After the releases are
made, the temporary increase in insect population must create no
serious damage to ciops, animais or man (26, 44). Delucchi (11) stated
that before work is started, studies should be made to see what the
possitle impact could be un the entire ecosvstem.

The first successful attempt to control an insect by the sterile
male technique involved the screw-worm fly. 1In the initial test, the
screw-worio male pupae were sterilized with a dese of 2500 roentgens (3,
26, 30, 31), and the adult sterile males were released at a rate of 100
per week per square mile for three months on Sanibel Island (26). After
three months the native population had wirtually disappeared; however,
reinfestation occurred from the United States two miles away. Another
test was made on the island of Curacaoc. During this test 400 sterile
nales were released per square mile per week, which for the entire
island totaled 170,000 screw-worm flies per week. After four genera-
tions one hundred percent of the egg masses found were sterile {26).

A much larger test was conducted in Florida where 5C million
sterile screw-worm flies were released per week. Both sexes of pupae
were irradiated with 8000 roentgens from a cobalt-6C source furnished
by the Cak Ridge National Laboratory (26). The flies were distributed
by eirplanes. A year after initiation of the program and six months
after all areas (which included Florida and parts of Georgla and
Alabama) were recelving sterile fly releases, the insect appeared to

be eradicated. The entire scutheast was free ovf the screw-worm fly




tecause Florida was free of the insect. and Florida was the over-
wintering site of the insect. The area between Texas and Florida is
unfavorable for overwintering and thtus serves as a natural barrier
against reinfestation.

The sterile male technique proved to be very successful againest
the screw-viorm fly. However, several alterations may make this tech-
nique more feasible with other insects. On the Mariana Islands the
oriental fruit fly was eradicated with a combination of sterile insect
releases and male annihilation. The male pupae were sterilizzd by
irradiation with 10 Krad of gamma radiation. Final eradication was
not achieved, however, until male annihilation caused by fiberboard
squares, Impregnated with methyl eugenol and naled, were distributed on
the island every two weeks for four and a half months (41). Male flies
were attracted to the fiberboard squares by the methyl eugenol and were
killed by the naled (1,2-Dibromo-2,2-dichloroethyl dimethyl phosphate).

An early laboratory study showed irradiated melon fly males were
as competitive as normal flies (l1). The island of Rota, M.I. had a
release program consisting of 257 million melon flies sterilized with
a dose of 9.5 Krad from a cobalt-60 source. This release was preceded
by a low cost application of concentrated protein hydrolysate,
malathion bait sprays. This was a successful eradication attempt (40).

The Mediterranean fruit fly has been partially controlled by the
sterile male technique. Thke Mediterranean fruit fly pupae were irra-
diated with a cobalt-60 source with a dose of 10 Krad (6). Tunisia

was the test site; however, only semri-isolated areas were used. Amn

insecticide barrier was uced tc help safeguard against reinfestation




into the test areas. The results improved toward the end of the pro-
gram when an aerial distrcibuticn mezhod was introduced. The estimated
populaticn was down bty 82.3 percent over the previous year when no
sterile releases were made (6). The problem of reinfestation and
inadequate sterile fly distribution made it impossible to completely
suppress the Mediterranean fruit fly population in this experiment.

There has been continued research on the Mediterranean fruit fly
aimed at improving longevity and sexual competitiveness of the irra-
diated inzects (34, 2!). Studies kave shown that although the male
pupae are sterilized with a dose of 10 Krad in air, sterilization did
not occur in nitrogen, carbon dioxide, heliium, or partial vacuum until
a dose of 16 Krad is used (34). Another study showed that when males
vere irradiated in nitrcgzen two days before eclesion (emergence as
adults), the dose had to be increased by approximately 2.5 Krad overxr
that required in air to achieve the same level of sterility (21). Even
at these higher doses the males treated in the artificial atmospheres,
especially nitrcgen and helium, were significantly more competitive,
and Iin some tests males irradiated in nitrogen and helium were up to
three times more competitive than the males irradiated in air (34).

The lcngevity remained unchanged (22). Irradiation of pupae in a
nitrogen atmosplere rather than in air increased longevity (42).

Other examples of the beneficial «fiects of artificial atmospheres
are also knowni. Clark (7) reported that the parasitic wasp Habrebracon
was three times more resistant to irradiation in nitrogen than in air.
Male mosquitoes irradiated with 10 Xrad ir the presence of nitrogen

wvere as corpetitive as nonual males, while males irradiated in air were




less competitive than untrcated males (i9).

Some insects are unsuitable for the sterile male technique because
it requires almost lethal doses of radistion before sterilfzation is
achieved. For example, adult males of the longheaded flour beetle,
sterilized with 20 Krad for males and 10 Krad for females, have their
longevity greatly reduced. Survival was less than three weeks after
the exposure to 20 Krad (5).

Sterilization of the adult fall armywormz was =ichieved with a dose
of 35 Krad for males and 15 Krad for females. The sterilization process
caused 1o alteration in the adult lifespan, no change in the ability of
the female to attract the male, and no change in the ability of the
adul.ts tc copulate (38), but this work alsc showed that the sterilized
male was only 0.40 times as competitive as ncrmal males (38).

Many studies have gone as far as field tests. When low numbers
of sterile horn flies were released in Texas no effect was obtained
(28). Later when much larger numbers of sterile horn flies were
released, a decrease irn population was achieved and approximately 90
percent control was obtained (12, 28).

Corn earworm males were irradiated with 32 Krad. In 1968, 1,289
sterile males were released daily on St. Croix, U.S. Virgin Islands.
This attempt was unsuccessful because a significant ratio of sterile
males to native males was not achieved; however, in 1969, frequent
"locking" cf the released males aud native females during copulation
contributed to the vartial suppression of the insect because moths that

lock are reproductively dead (37).

The codling moth was sterilized with either a cobtalt-€60 source or




& cesium-137 scurce (46). Males require 40 Krad of gamma irradiation
for sterilization (36, 45, 47). Work has shown that the irradiated
males were less competitive than normal males (23). Nevertheless,
damazge to orchards in Washington due to the coedling moth has been
decreased due to the release of sterile insects (36).

Control of the tobacco budworms has been best achieved with a
combination of gamma irradiation and chemosterilants. Females were
first subjected to a substerile dose of reserpine and then gamma irra-
diation of a 10 Krad and 15 Krad dosage (17). Later work has shown
treatment with chemosterilants or garma radiation alone was not as
effective as the combination of the two (16). In these studies, thc
tobacco budworm was first subjectad to a substerile dose of either
sulfanilamide, dicumarol, beta-sitosterol, 2-imidazclidenethione, or
imidazole in the larval stage and later subjected to 7.5 Krad or 15
Krad of gamma irradiation during the pupal stage. None of the various
combinations affected larval growth and development, adult eclosion, or
adult longevity (16).

When SCR adulits were subjected to aphiolate, the viability of the
eggs decreased. The apholate reduced the size of the ovaries of the
females and inhibited the transfer of the sperm in the males (20). TUse
of the sterilizing agent. thiotepa, on mosquitoes resulted in suppres-
sion and elimination of a population on Seahorse Key, an island off the
coast of Florida, after ten weeks (35).

The basic raquirements for the effective use of chemosterilants

are similar to those of the sterile male technique involving garma

drradiation. Chemosterilants can be used directly in the fieid
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invcolving only the native population (43); however, their effect on

nontarget specles must be of no consequence in the enviromment under

consideration.




MATERIALS AND METHODS

The SCR used in cxperimentation were maintaired and reared
according to the standard procedures used at the Northernr Grain Insects
Research Laboratory (4). 7Two modifications were made in the techniques
for maintaining the laboratory colony: 1) the SCR adults wersz given
a moisture source of 0.075 percent sorbic acid in water placed in one
ounce plastic cups fitted with a paper 1lid through which was placed a
cotton wick, and 2) gauze which had previously been used as the ovi-
position mediuvm was replaced with a pink Handi—wipe® (Colgate-
Palmolive).

In vreparation for irradiation, 0-24 hour old SCR adults were col-
lected and sexed according to established criteria (4). Females were

3 cage until they were needed for mating. The males

placed in a 1 it
were prepared for irradiation as described below.

When the cobalt-6C source located on the South Dakota State
University campus was used, the males were placed in a half--inch
plastic (Tygon®) tubing which contained small holes for air exchange.
After the males were in the tubing. the ends were interlocked to form
a circle 10 inches in diameter The tubing was then plzced on a plat-
form so that any point in the interior of the tubing would te equidis-
tant (5 inches) from tlie cobalt-60 source when raised into position.

A stop watch was used to monitor the length of irrzdiation exposure.
The cobalt-60 source produced a dose rate of 0.0l1] Krad per minute at
a distance of 5 inches.

When thke cesium-137 source located at the Northern Grzin Insects
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Research Laboratory was used, the males werz placed in a small cage
sitvated on top of a brass tase. This device was then placed on a
small turntable iaside tha radiation unit to ensure an equal radiation
exposure. Later when the males were irradiated in special atmospheres
they were placed imn three-dram vials. These vials were fitted with a
special top consisting of a two-hole rubber stopper through which small
diameter glass tubing was placed. The glass tuting was connected to
short lengths of rubber tubing to which clamps were attached. This
arrangement allowed complete flushing cf the vials with either nitrogen
or helium, and subscquent sealing of the vial to ensure the integrity
of the artificiel atmosphere. Euough nitrogen or helium was added to
the vial to anesthetize the insect and to remove oxygen so that the
insect would remain anesthetized during the irradiation process. The
Insects were revived immediately following the required exposure time.
The cesium-137 source was equipped with an automatic timer that could
be set to within 0.1 minutes. The cesjum-137 source produced a dose
rate of 1.76-2.38 Krad per minute.

When a test was made involving the same dosage with more than one
type of atmosphere, the insects were irradiated simultaneously to guar-
antee all treatments received the same amount of radiation. This was
possible beacause eight three-—dram vizals could be placed on the brass
base at omne time.

When using either cobalt-60 or cesium-1i37, Fricke dosimetry was
used to check the dnse received in all experiments. The Fricke dosi-

metry solution was placed in three-dram vials, and the dose received

was determined using standard procedvres (13). Fricke dosimetry was
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used immediately prior to the irradiation of insects to adjust the
exposure time for the proper dose and during the irradiation of the
insects to verify the actual dose received.

Following irradiation the males were placed in a 1l £t3 cage prior
to mating. For studies to determine the sterilization dose, three
males irradiated at the same rate and three females were placed in a
small plastic cage. Five of these cages were set up identically for
each radiation dose used. Food consisting of a dry diet (4) and water
were changed twice weekly. Dead insects were removed regularly and
sexed to keep an accurate record of insect longevity. Twelve days
after the females and males were mated, a pink Handi—wipe® cvipesition
medium was placed in the bottom petri dish of the cage.

Fggs were collected weekly from each cage. Twenty-five eggs per
replicate were kept each week and screened for hatchability according
to standard techniquzs (4). The egg hatch was checked daily, and empty
chorions and larvae were removad and recorded. Egg collection proce-
dures were dcne once a week for four to six weeks depending on the
etudy. This technique was used to determine the sterilization dose in
both air aud helium.

In preparation for a coxpetitive study, 0-24 hour SCR adults were
collected aad sexed as before. The females were placed in 2 cage for
future mating. One-sixth of the males were placed in another cage to
be used as non-irradiated contrels, and the remaining five-sixths were
irradiated in a helium atmosphere with 5.14 Krad from the cesium-1237
source and placed in another cage. Since it was not possible to obtainm

sufficient numbers of 0-24 hour adults in a single day, this prccedure

332381
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was continued daily until the necessary mumber of males were obtained.

Sexual competitiveness of sterilized males was determined essen-
tially by the method of Fried (l4). In this method, insects from an
original pool are separated into three groups: 1) untreated males and
females in a ratio of 1:1 (untreated control); 2) sterile males and
females in a ratio of 1:1 (irradiated control); and 3) a mixture of
sterlile males, untreated males, and females in a ratio of 5:1:1 (com-
petitive experiment).

Two separate competitive studies were performed for a period of
six weeks. 1In the first study, the design included 400 irradiated
males, 80 untreated males and 80 females. The appropriate controls
contained 80 pairs each (see groups 1 and 2 above). In the second
gtudy the design included 250 irradiated males, 50 untreated males,
and 50 females while the control contained 50 pairs each (see groups 1 l
and 2 above).

For these two competitive studies, 50 eggs were collected twice a
week from each cage and checked for hatch. This procedure was con-
ducted for the entire six week period. Dead insects were sexed
periodically and recorded during the six-week period fecr the two
control cages.

Analysis of variance and the t-test were used to interpret data

from the sterilization studies (39). The competitiveness value and

expected egg hatch were computed as described by Fried (14) as follows:

Ha - Eobs ., S

Eobs - Hs N -

Competitiveness wvalue =




re
o

N{la) + S(Hs)

td = e 2
Expected egg hatch T e where

Ha = percent egg hatch of N males x N females, Hs = percent egg hatch
of S males x N females, Ecbs = percent egg hatch at a given ratio of

irradiated males: non-irradiated males, N = number of non-irradiated

males and S = number of irradiated males.




RESULTS

Sterilization Dose

[ S—

Initial studies to determine the amount of radiation necessary for
sterilization of SCR males were done with a cobalt-60 source in an air
atmosphere. Table 1 shows the percent hatch at the wvarious radiation
levels. Analysis of variance showed highly significant differences
among the dosages.

A similar study was done using a cesium-137 source. Tabtle 2 shows
the percerit egg hatch at the varicus dosages. Analysis of variance
again showed highly significant differences among the dosages.

Both sources successfully sterilized the males at about the same
radiation level; bowever, since the exposurz time was considerably less
with the cesium-137 source, thls source was used for the rewainder of
the studies. Both sources produced ninety-five percent sterility with
a dosage of 3.6 Krad in an air atmosphere.

Preliminary studies involving the irradiaticn of males in nitrogen
or helium indicated heliim to be the atmosphere of choice because of
better survival of the irradiated males in the helium atmosphere.

Table 3 compares the percent egg hatch and the death rate fcr three key
dates using helium or air during irvadiation. Analysis of variance on
egg hatch data for both helium and air showed highly significant dif-
ferences among doses. According to the t-test there was a highly sig-
nificant difference between helium and air.

Analysils of variaunce showed highly sigrnificant differences amorg

doses for the death rate on all three dates for those Insects
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Table 1. Average percent hatch of eggs from female
SCR mated with males irradiated 0-24 hr. after
emergence with various doses of gamma irradiaticn
from a Cobalt-60 source (ave. of 5 replications).

- ———— = s o= = o —_— - S g e g e —

Dose (KRAD) % Egg Haj:cha

D — e

0.00 47.6
0.99 34.4
2.19 6.2
3.67 4.8
4.19 2.6
4.68 0.6

—— e — —— -

2Analysis of variance showed highly significant
differences among doses.
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Table 2. Average percent hatch of eggs from female
SCR mated with males irradiated 0-24 hr. after
emergence with various doses of gamma irradiation
from a Cesium-137 source (ave. of 5 replications).

L= Dose (KRAD) TEgg Hat:cllv'.a .
0.00 75.6
1.18 30.4
2782 13.0
2.40 17.6
827 8.8
3.64 0.4
4.50 0.8

8Analysis of variance showed highly significant
differences among doses




Table 3. Comparison of average percent egg hatch and male death
for insects irradiated in helium end air.*

AIR HELIUM
Dose Percent No. Dead No. Dead No. Dead Percent No. Dead No. Dead No. Dead
(Krad) Hatggb on Day 7b Day {ﬁb Day 45b___ Ha;gpP Day 18 Day 148  Day ﬁﬁal

0.0 64.0 1 8 ] 58.1 2 9 10
1.0 34.0 2 5 6 P.1 0 d &
2.0 15.5 1 6 10 41.6 1 8 9
B S 12.8 S 9 10 33.7 0 2 6
3.1 10.1 2 6 7 32.3 4 7 10
3.7 k| 5 12 15 13.9 - 5 7
4.9 28 4 13 14 14.1 2 2 )
5.0 055 11 15 13 3.5 4 6 6

2Analysis of variance showed no significant difference between doses.
Analysis of variance showed highly significant differences betweer doses.
*Egg hatch - ave. of 5 replications, no. dead - total no. for 5 replicationms.
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irradiated. However, there was no significant difference in death rate
on any of the three dates when helium was used during irradiation.
According to the t-test there were no significant differences in the
death rates between air and helium for any of the dates.

Ninety-five percent sterility was achieved withk a dose of 3.7 Krad
in air, but not in helium until a dose of 5 Krad was reached. To
achieve ninety-nine percent sterility 5 Krad was required ior the
treatment in air, a dose that severely affected longevity.

Because ninety-nine percent sterility was not achieved with the
helium atmcsphere in the first series of treatments, a second test was
performed. In this test ninety-nine percent sterility was achieved in
the helium atmosphere at & dose of 6 Krad. Table 4 shows the percent
egg hatch and the death rate for this study. Analysis of variance
showed highly significant differences among doses for egg hatch. Even
at these higher doses analysis of variance of the death rate data
showed no diiferences among doses when irradiation was performed in

the helium atmosphere.

Competitive Studies

The first competitive study involved males irradiated in helium
with a dose of 5.14 Krad. Table 5 shows the percent egg hatch both
observed and expected and the competitive wvalue as calculated by the
rmethod of Fried (l4). These values are shown for the individual six-
week test period and as an average for the six weeks. The average

competitive value was 0.81.

Results cof the second competitive study, which was performed under




Table 4. Average percent egg hatch and death rate
for males irradiated in helium.*

Dose Percent No. Dead No. Dead No. Dead
____f?f???_m_ _ﬁg;ch?_______ Day 7?_ oy Day 142 Day 452
0.0 71.0 2 4 5
2.6 15.0 6 7 7
5.0 3.0 6 6 7
6.0 1.0 4 6 8
6.8 0.0 5 1o 12

S - e e —

8Analysis of variance showed no significant difference between doses.

bAnalysis of variance showed highly significant differences between
doses.

*Fgg hatch - ave. of 5 replications, nc. dead ~ total no. for 5
replications.



Table 5. First study of sexual competitiveness of SCR males irradiated
at 5.14 Krads in helium 0-24 hr aiter ewmergence.

18t Week 2nd Week Ird Week 4th Week | 5th Week | 6th Week Ave.
2 Fgg % Egg 2 Egg 2 igg X Egg % Egg | % Egg
Situetions Hatch _  Comp. Hatch Comp. | _ Hatch Coup, | __Hatch  Comp, | _Katch _ Comp. | Hatch  Comp. ; Hatch _ Comp.
Id¢ NéP NP | Cbs. Ex., Value| Obs. Ex. Value | Obs. Ex. Value | Obs. Ex. Value |Obs. Ex. Value|Obs. Fx. Value| Obs. EBEx, Value
e i v— ! :
Non-Irradiated 1 1|95 97 52 95 78 63 | €6.3
Control
Compecitive 5 1 1419 20.5 1.14(31 21.2 0.53}25 18.7 0.64 |27 - 20 .62 | 18 15.5 .80 | 3.0 11.3 6.0)20.5 12.9 .81
Test { |
Control

irradiated 1 1 6 6 4 5 | 3 | I 4.167

81 = ircadiated
b = untreeted

e




the same conditions, are shown in Table 6.

value for this study was 1.8.

The average competitive

23




Table 6.

Second study of sexual competitiveneass of SCR males

irradiated at S.14 Krads in helium 0-24 hr after emergance.

lst Week 2nd Week 3rd Week 4th Week Sth Weelk 6th Week Ave.
X Egg % Egg % Egg X Egg 2 Egg ¥ Egg % Egg
Situations | _ Hatch Comp. Hatch Comp. Hatch Comp. | __Hatch _ Comp. Hatch _  Comp. Hatch Comp. | _ Hatch _  Comp.
1d68 nob N? | Obs. Ex. Value | Obs. Ex. Value | Obs. Ex. Value|Obs. Ex. Yalue |Gbs, Ex. Value |Obs., Ex. Value | Obs. Ex. Value
|
Hon-Irradiated 15 Y W85 90 90 95 94 92 91
Control
Competitive 1 1 : 14 12.5 1.42 |17 20.8 1.46 | 19 22.5 1.642 |17 23,3 1.95]| 24 24 1.00| 8 24,5 -5.6|16.5 22.1 1.8
Test
Irradiated 1 |40 7 9 9 10 11 8.3
Centrol

4] = {rradiated
by = untreated




DISCUSSION

For the sterile male technique to bte successful in the field, many
preliminary tests must be conducted in the laboratory. First, the
sterilization dose must be determined. After the insect has been suc-
cessfully sterilized, studies must be made to determine if there were
any detrimental effects concerning longevity and sexual competitiveness.
This study was involved with these aspects of the sterile male tech-
nique for the SCR.

The SCR males irradiated in air with 5 Krad were ninety-nine per-
cent sterile. However, when SCR males were irradiated in helium a dose
of 6 Krad was required to achieve the same level of sterility. Even
though no significant differences were found in the death rate com-
paring irradiation of males in helium or air with the t-test, all males
were dead after irradiation in air at 14 days following a dose cf 5
Krad while twenty percent of the males survived 6.8 Krad in helium for
at least 45 days when the experiment was terminated. Although the SCR
male can be successfully sterilized in both helium and air., the results
obtained in this study suggest that the SCR males irradiated in helium
retaiu vigor and viability for a longer period of time than those irra-
diated in air. OChinata (34) and also Hooper (21) found that higher
irradiation doses were required in heljum and nitrogea compared to the
doses required in air for sterilizing the Mediterranean fruit fly.
Clark (7) reported that the parasitic wasp fiabrobracon was aisc more
resistant to irradiation in nitrogen as compared to air.

Sexual competitivencss 1s essential for a successful sterile male




9113 103J 23BPEPUBD 27qFssod B s® YIS 3aY3l YIFA SNUTIUOD 03 ¥I93M YI1IBSS3I
JT ‘9TBWAF YIS [YI IO0J POUTWIVISIP 99 O3 9SOP UOTIeZFLII9IS 9yl I0J
IBFOTJ2uaq 3Isow weas pInom IT °(9) PeIY O] JO 9SUp B I93JB SIaXdS yjoq
JO UOF3IBTIP2IIT 9YJl POATOAUF OSTE BESTUN] JO PUBTST 9yl uo L[F 3IFnaj
UBdUB1I93TP9jl 243 ssaiddns o3 jdwazje uy *(9Z) PSSEI[21 pur SuIZJuaox
0008 U3ITM PIZTTTIDIS 9134 SIX3S i30q UIYMA BPFIOT UT TNJ3S3DONS sem
we2idoad aseaTaa ATJF WIOM-MRIDS 9YJ °SO[2mAJ PUB SaJeuw 9[LI31S 110q
SupseaTal Aq pPo3ONPUOD U33Q IABY S3S93 PISTJ [TJISS900NS [BIDAIS °IS23
PTISTF B I193JE 2pBU 99 03 3ABY pTnom snbfuyool 3aTew STFI93S oYyl 103F
©31BpPTPURT B SB AITTFGBIFNS SIT 03 se juamwa3pn[ Teury “pozF[rials L[Ing
—-SS9220nS 9q PINOD aTew YIS 3Y3l 3I=Y3l paaoys Lpnis STY3I Y3noyl uaAg
° JUSWUOIFAUS YOTI-u93LX0 UEB UT UOFIBTPBIIT JO ITHS3I
e se a3eaurp OfjemOSs 3uronpax Lq Lrqeqoad 3Id3sur |yl JO ssauaATITIA
-wod T2nxas 9yl urejurem sd[9Yy WNFT9Y 10 ua30a3Tu uf ssad0ad uoyeTP
-211T 243 3Byl 3Is282ns sarpnis assyj ‘(Hg) ITE POIELTIPBIIT uIYm ueyl
US80IITU IO WNTTIY UT POIBFPRIAT Udys 9ATIFIsdwod LTTenxas 910w OSTE
sery AT JTNIJ URSUBIILJJITPI 9YJ, °SI[EE [BUWIOU SB ATITIodWO3I s= jJou
913M L3113 ITe UT PIIBTIPEIIT 2124 sa03Tnbsom usaym aTTym ‘safem TewIiou
se2 9AT3T3I9dwod Sk 913M £3Yy) usaZ0I13TU UT PIIBTPRIAT 9134 SIO03TNdSoU
asiym 'yl punoj (6I) URUT{(EBY{ ‘ST pI3BaIjua 9Y) pUB I[eW PSIPTPUIIT
913 30 sSsduvdATITISdmeDd TENX3S 9Y3J U99:433q PUNOF SIUIAIIIFP B! Od
SeA 92194yl 3Ieyl Aes 03 OFIST[EaI axom LA1qe2qoid ST IT *SSOUIATITIO(WOD
Tenxas saoxduf LT[en3do® pPInoM SsS3001d UOTIBRIPEBIAT 3yl 3Ieyl L[oATTun
199s pInom 3T 3snedaq Y31y o9q 03 sarvadde sanTea aar3zTladwoo sSTYJ
*GOE°'T Ses wnFTaY UF sS990xd USFIBZITTISIS 9Y)l I93Je 2NTBA SSIUSATI

—T32dwod Tenxas 3yl 93easAe 3yl uo 3Ieyl puno Lpnis syl c-anbjuyo93

9¢




sterile male technique. It would be moxe practical tc sterilize both
sexcs, because one would eliminate the time and handling required for
the sexing of the insects before the irradiation process.

Many problems could hinder further development of this techwique
for the SCR. Because the SCR is widely distributed (2, 32), it would
be very difficult to find an isolated test area. Attacking the entire
SCk population on a regional basis is at present a technological impos-
sibility. f an actual atteppt were made, a technique woulé have te be
Jevelcped to rear the SCR in large numbers easily and economically. A
technique would also have tc be devised for an efficient and effective

distribution and reclease program.
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SUMMARY

Laboratory reared SCR males were sterilized with gamma irradiation
from either a cobalt-60 or a cesium-137 source. A higher irradiation
dose was required for sterilization in helium compared to air. Irra-
diation doses in air were significantly different from irradiation
doses in helium. When SCR males were irradiated in helium, they

retained their sexual competitiveness.
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