
VOL. 18 NO. 4 SOUTIIWESTERN ENTOMOLOGIST DEC. 1993 

A LOW DOSE FRACTIONATED IRRADIATION PLUS INSECT GROWTH 
REGULATOR DIP TREATMENT FOR BOLL WEEVILS 1 

J. w. Haynes and J. w. smith 

USDA-ARS, Boll weevil Research unit 
Mississippi state, MS 39762-5367 

ABSTRACT 

Boll weevils, Anthonomus grandis grandis Boheman, 
administered a 46 or so gray (Gy) fractionated irradiation 
treatment followed by a dip in a solution containing 0.032% 
LY-121342 benzamide, 2-chloro-N-[[[6-[2,4-dichlorophenyl]
methoxy]-3-pyridinyl]amino]carbonyl]-6-fluoro- or LY-135926 
benzamide, N-[[[6-[2,4-dichlorophenylmethoxy]-3-pyridinyl]
amino]carbonyl]- bad significantly higher mortality after 5 d 
for treated males and 10 d for treated females compared with 
weevils given a 43 Gy fractionated irradiation plus 0.032% 
LY-135926 treatment. We found only 3.0% F1 adult 
emergence from treated male x untreated female matings, and 
fecundity in treated female X untreated male matings was 
reduced to zero following the 43 Gy plus 0.032% LY-135926 
treatment. All combination treatments of male and female 
weavils surviving after 15 d proved to be 98.3 ± 2.3% 
sterile. 

INTRODUCTION 

Female boll weevils, Anthonomus grandis grandis 
Boheman, are more easily sterilized than males with marginal 
doses of fractionated irradiation. Haynes (1992) found nina 
fractionated doses of irradiation at 8-h intervals to be an 
optimum treatment for obtaining maximum sterility with 
minimum damage to the boll weevil. Female boll weevils 
require 43 gray (Gy) compared with 48 Gy to effectively 
sterilize males (Haynes and smith 1992). 

The substituted benzamides, LY-121342, 2-chloro-N-[[[6-
[2,4- dichlorophenyl]methoxy]-3-pyridinyl]-amino]carbonyl]-6-
fluoro- and LY-135926, N-[[[6-[2,4-dichlorophenymethoxyl]-3-
pyridinyl]amino)carbonyl]-, are effective inhibitors of eqq 
hatch in female boll weevils even at doses of 0.032% by 
dippinq; mortality of weevils treated with these materials 
was ~ 20.0% after 14 d (Haynes 1987). 

In this study, low doses of fractionated irradiation were 
tested in conjunction with IGRs, LY-121342 and LY-135926, in 
hopes of effectively sterilizing both sexes without recovery. 

1colaoptera: curculionidae 
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It is especially important that females not recover fertility 
because they might infest the field should they mate with 
normal males. since the low irradiation regimen alone is a 
marginal treatment for sterilizing boll weevils, we wanted to 
evaluate several combination treatments of low doses of 
irradiation plus female sterilants to determine their 
effectiveness in sterilizing the boll weevil. 

MATERIALS AND METHODS 

Boll weevils used in these studies were an ebony strain 
(Bartlett 1967) mass-reared by the methods of Roberson and 
Wright (1984). A tully automated cesium 137 irradiator (3107 
curies ± 5%), made by Atomic Energy of Canada Limited, 
ottawa, Canada, was used to administer 43 to 50 Gy. The 
fractionated doses were given in nine equal doses at 8-h 
intervals (10 AM, 6 PM, and 2 AM) over 3 d. The treatments 
were started as the weevils began pupation. The developing 
pupae remained in the heated irradiator for the entire 3-d 
period. After irradiation was complete, the newly eclosed 
weevils were prepared for the IGR treatment. 

The weevils were separated by sex and divided into 10 
groups of 25 for each sex. Controls were included for each 
sex. Aqueous solutions of each compound, containinq 0.032% 
A.I. by weight, were prepared. The irradiated weevils were 
then dipped in one of the solutions for 15 sec using the 
method described by Haynes et al. (1981), except where 
otherwise noted. Groups of 25 virgin untreated males and 
females (1- or 2-d-old) were placed in paper cylinders (8.9 
cm diam X 8.9 cm high) and mated with irradiated + 
IGR-treated weevils. Boll weevils were provided 4-5 fresh 
adult diet pellets (Lindig et al. 1979) each day. 

Mortality was recorded each day when fresh food was 
exchanged for spent food. Data were abbreviated to show 
cumulative mortality of males and females at 5-, 10-, and 
15- d intervals following treatment. All eggs laid in the 
food pellets 5, 10, and 15 d after treatment were collected 
and divided. Half the eggs gathered from each treatment, as 
well as the control, were held for egq hatch on moist filter 
paper for 5-7 d. The remaining eggs were implanted 
(25-50/100 mm petri plate) on larval diet under sterile 
conditions. After 14 d, the petri plates were examined to 
determine F1 adult emergence. 

Weevils surviving for 15 d after treatment were examined 
to ascertain the reproductive state of the gonads. Treated 
males were dissected and the spermathecae were checked under 
a microscope (300-430X maqnification) to determine whether 
sperm bundles were present, thus indicating recovery. 
Treated females were dissected under a microscope (30X 
maqnification) and the ovaries were removed. If no eqqs were 
found, weevils were determined to be sterile. Data among 
treatments were subjected to analysis of variance (ANOVA). 
Significant differences between means of nine experimental 
treatments and the control were determined by the least 
significant difference (LSD) at 5% level of confidence 
(Cochran and Cox 1957) concerninq mortality, fecundity, 
fertility, and recovery of qonads. 
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RESULTS AND DISCUSSION 

Except for the 50 Gy-female treatment, male and female 
mortality of weevils treated with irradiation alone or IGR 
alone for 5 d was not siqnificantly hiqher than that of the 
control (Tables 1 and 2). Mortality of male and female 
weevils qiven 43 Gy + LY-135926 was siqnificantly lower than 
other combination treatments for 5 d; after 10 d only females 
bad siqnificantly lower mortality. After 10 or 15 d, 
mortality of boll weevils treated with IGRs alone was not 
siqnificantly hiqher than that of the control. Except when 
males received the 46 Gy + LY-135926 treatment, weevils given 
irradiation + IGR treatments did not have significantly 
increased mortalities at d 10 and 15. 

Morality of weevils treated in earlier studies with the 
IGRs LY-11342 and LY-135926 (Haynes 1987) and with 43-50 Gy 
of irradiation (Haynes and smith 1992) was virtually the same 
as that reported here. Low mortality reflects the fact that 
they were healthier weevils with lower bacterial 
contamination. 

Male weevils administered a 46 or 50 Gy irradiation 
treatment and mated with untreated females (with or without 
LY-135926) bad siqnificantly fewer eggs than ether treated 
male X untreated female tests (Table 1). In treated female X 
untreated male matinqs, all irradiation treatments alone or 
in combination with the IGRs had siqnificantly fewer 
(P ~ 0.05) eqqs than weevils treated with IGRs alone or the 
control. Except for the few egqs laid in the 46 Gy + 
LY-121342 treatment, no irradiated females (mated with normal 
males) produced eqgs in this study (Table 2). 

All combination treatments (irradiation + IGRs) of 
treated males X untreated females resulted in significantly 
less eqq hatch or adult emergence than comparable treatments 
of irradiation alone. Weevils treated with irradiation alone 
or IGRs alone were not significantly different from each 
other in lowerinq eqg hatch or adult emergence but were 
siqnificantly lower when compared with the control. In 
combination treatments of treated females x untreated males, 
females qiven 46 Gy + LY-121342 had significantly lower hatch 
and emergence than weevils treated with IGRs alone or the 
control. Hatch and emergence of females given only LY-121342 
or LY-135926 in this study were very similar to results of 
Haynes (1987). Hatch and emergence data of weevils given 
43-50 Gy of irradiation alone in an earlier study (Haynes and 
smith 1992) were virtually the same as those reported in this 
study. 

In treated male x untreated female matings, we found 
irradiation treatment, alone or in combination with IGRs, 
resulted in siqnificantly less recovery of testes compared 
with males treated with IGRs alone or the control (Table 1). 
In treated female X untreated male matings, we found 
irradiation treatments alone or in combination with IGRs 
produced significantly less recovery of ovaries compared with 
the control (Table 2). 

Althouqh female boll weevils can be effectively 
sterilized with irradiation alone or either LY-121342 or 
LY-135926 alone, it is the male boll weevil which has been 
the most difficult to permanently sterilize. However, the 
radiation regimen of nine doses at a-h intervals totaling 46 
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TABLE 1. Effect of Fractionated Irradiation Plus an Insect Growtb Requlator Dip on Male Boll 
weevil Reproduction Wben Mated Witb Untreated Females•. 

Treatmentb :'1 Mortality 

-
No. Total IGR % Sd lOd 1Sd x Eqqs x % x Adult x % Gonad 

doses Gy no. Conc. collected Hatcb emerqence recovery 
admin. used 

9 46 LY-121342 0.032 26.0 47.0 52.0 507.0 5.7 2.9 3.3 
±23.3bc ±24 .2b ±14. 7b ±414. 3b ± 3.4a ±2.2a ±2.6& 

9 46 LY-135926 0.032 5.6 31.3 41.6 643.6 7.7 3.0 4.6 
± 4.Sa ± 6.2b ± 3.3b ±287.0b ± S.4a ±1.7a ±S.Oa 

9 46 LY-135926 0.032 31.0 71.0 75.0 131.7 1.4 1.3 2.0 
N ± 6.7c ± 8.7c ± 6.4c ± 90.9a ± 1.7a ±l.la ±2.0a 
00 9 46 LY-135926 0.032 36.6 85.6 96.6 140.0 4.3 1.4 o.o 
~ 

± 1.6c ±lO.Oc ± 4.3c ± 38.1a ± 1.6a ±1.4a ±O.Oa 
9 46 o.o 31.3 44.0 426.6 24.9 19.4 4.8 

± o.oa ± 6.Sb ± 8.4b ±222.1b ± 8.Sb ±6.3b ±2.9a 
9 50 o.o 25.1 37.5 299.8 29.7 21.1 4.7 

± o.oa ± 8.2b ± 7.8b ± 89.9a ± 3.9b ±4.9b ±3.3a 
9 50 16.0 63.3 74.6 279.3 29.6 6.8 5.1 

± 7.1b ± 5.0c ± 3.1c ±178.1& ± 7.1b ±4.0b ±3.7& 
LY-121342 0.032 o.o 7.5 18.7 529.3 40.9 29.8 75.6 

± o.oa ± S.9a ± 9.1a ±406.1b ±18. 6b ±6.7b ±6.1b 
LY-135926 0.032 6.1 9.5 21.3 619.5 51.3 31.7 68.5 

± 2.8a ± 5.3a ± 6.5a ±299.9b ±19.9b ±8.4b ±7.9b 
control 4.0 12.6 16.6 717.3 86.9 55.4 90.3 

± 4.0a ± 1.oa ± 3.1a ±275. 4b ± 2.3c ±5.8c ±4.2b 

a Numbers followed by the same let ter within columns are not siqnificantly different 
[P ~ o.os; LSD test (Cochran and cox 1957)]. 
b There were four replications of 25 pairs of weevils per treatment. 



TABLE 2. Effect of Fractionated Irradiation Plus an Insect Growth Requlator Dip on Female Boll 
Weevil Reproduction When Mated with Untreated Males•. 

Treatmentb ~ Mortality 

NO. Total IGR % 5d lOd 15d x Eqqs x % x Adult x % Gonad 
doses Gy no. Conc. collected Hatch emerqence recovery 

admin. used 

9 46 LY-121342 0.032 28.0 58.0 69.0 0.25 o.o o.o o.o 
±21. 3b ±19.6C ±12.3bc ± o.5oa ±o.oa ±O.Oa ±O.Oa 

9 43 LY-135926 0.032 s.o 37.3 52.0 o.o - - o.o 
± a.oa ±18.0b ±24.9b ± o.oa - - ±O.Oa 

9 46 LY-135926 0.032 34.2 70.0 79.0 o.o - - 0.0 
±12.4bc ±28.9C ±19.9c ± o.oa - - ±O.Oa 

N 
9 50 LY-135926 0.032 45.3 93.6 100.0 o.o - - o.o 

00 ± 9.4c ± 5.2c ± o.oc ± o.oa - - ±O.Oa V1 
9 43 12.6 33.6 48.7 o.o - - o.o 

± 4. 9ab ±14.9b ± 9.4b ± o.oa - - ±O.Oa 
9 46 8.0 29.3 51.5 o.o - - o.o 

± 3.4a ± 5.3b ± 8.3b ± o.oa - - ±O.Oa 
9 50 25.3 43.6 55.7 o.o - - o.o 

± 9.4b ±14.9b ± 6.9b ± o.oa - - ±O.Oa 
LY-121342 0.032 2.6 9.3 12.4 652.1 8.9 4.5 NAC 

± l.Ba ± 4.7a ± a.5a ±291.5b ±2-2b ±0.7b 
LY-135926 0.032 3.4 8.6 13.9 841.7 6.8 3.0 NAC 

± 2.9a ± 5.6a ± 7.2a ±304.1b ±3-lb ±l.lb 
Control 1.3 7.6 10.2 927.1 76.0 41.5 91.3 

± 2.2a ± 3.8a ± 5.1a ±221.3b ±9-4c ±9.7c ±3.5b 

• Numbers ± SE followed by the same letter within columns are not siqnificantly different 
[P ~ o.o5; LSD test (Cochran and cox 1957)]. 

b There were four replications of 25 pairs of weevils per treatment. 
c Not applicable. Egg production unaffected by this treatment. 



Gy plus o.032% LY-121342 or 43 Gy plus 0.032% LY-135926 
sterilized 95-98% of the males and 100% of the females (based 
on egg hatch and adult emergence data) when outcrossed to 
untreated weevils of the opposite sex. Treated weevil 
mortality was moderate; even after 15 d, 40-60% of the 
weevils survived with an average of only 1.9% recovery of 
gonads from these survivors. Either of these two treatments 
can be effectively used in eradication of the boll weevil. 
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