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EFFECT OF GAMMA IRRADIATION ON THE MATING ACTIVITY AND MATING COMPETITIVENESS OF THE BLACK CUT WORM, AGROTIS IPSILON (HUFN.) (LEPIDOPTERA: NOCTUIDAE)
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تَأْثِيْر التَشُعِيع الِجَامّى عَلَى النَّشَاط التَزاوجى وَالْتَّنَافُس التَزاوجى لِلْدُّوْدَة القَارْضَةاجِرُوتَيْس ابْسِيلُون
مجدىمحمد شبل علم الدين1 وصفاء محمود حلاوة2 و سميرة السيد مصطفى النجار1 وعزت فرج الخياط2 و ثناء محمد سليم1
1- قسم التطبيقات البيولوجية, مركز البحوث النووية, هيئة الطاقة الذرية 

2- قسم وقاية النبات,كلية زراعة مشتهر, جامعة بنها
خُلاصَة
            تم دراسة العقم فى ذكورالباء فى حشرة الدودة القارضة اجروتيس ابيسيلون بعد المعاملة باشعةجاما وذلكبهدف تحديد الجرعة الاشعاعية التى تسمح لأنتاج اقصى قدر من العقم الجزئى لجيل الأباء ثم الوصول للعقم الكامل فى النسل الناتج. تم تشعيع العذارى الكاملة النمو للذكور بالجرعات 75و100و125و150و175و200 جراى.
 
أوضح التحليل ألاحصائى للنتائج عدم وجود فرق معنوى بين الحشرات المعاملة والغير معاملة فى كل من نسب تزاوج الذكور وكذلك الفترة التى استغرقتها فى التزاوج وتكوين الحامل المنوى بينما لوحظ وجود فرق معنوى فى نسبة الأناث المتزاوجة والتى تحتوى على الحوافظ المنوية والتى حدث بها انتقال للحيوانات المنوية .
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 لقد انخفضت نسبة التزاوج للانثى الثانية والثالثة عن نسبة تزاوج الأنثى الأولى، كذلك زادت النسبة المئوية للاناث الغير معاملة والمتزاوجة  مع ذكر لأول مرة عن الأناث المتزاوجة للمرة الثانية والثالثة. لم تتأثر نسبة انتفال الحيوان المنوى الى الحافظة المنوية عند تزاوج الأناث المتتالية مع الذكور المشععة. ومع ذلك كان عدد البيض والنسبة المئوية لفقس البيض اعلى للانثى الأولى فى التزاوج مقارنة بالانثى الثانية والثالثة فى التزاوج.  لم يلاحظ تأثير معنوى على نسبة الأناث المتزاوجة مع ذكورطبيعية او فترة التزاوج خلال الجرعة 125 جراى ولكن هناك نقص معنوى فى نسبة التزاوج  للاناث مع ذكور متتالية خلال ايام التجربة ( خمسة ايام).    عند دراسة التنافس التزاوجى بطريقة الملاحظة المباشرة وجد ان الذكور المعاملة بالجرعة 125 جراى كانت كاملة التنافس مع الذكور الغير معاملة على الرغم انها تتميزبنسبةعقم عالية. 

ABSTRACT

      The sterility effects were examined on the P1 generation of the black cutworm; Agrotis ipsilon (Hufn.) after gamma sterilization. Our objective was to identify the dose of gamma radiation that would allow for maximum production of partially sterile P1 adults while inducing full sterility in the F1 generation. Full grown pupae of the black cutworm from laboratory culture were irradiated at 0, 75, 100,125, 150,175 and 200 Gy. The results were found to have no significant difference between untreated and treated groups in moth were observed in copula occurred, nor time of copulation ,but significant difference between the treated males and untreated once in spermatophore formation and percentage of females with sperm in their spermatheca. Lower percentages of untreated female moths were mated when they were paired with previously mated males than when paired with virgin males. The sequence in which females were mated to an irradiated male did not affect the transfer of spermatophores. However, the percentage of eggs hatched was higher from the first mated female compared to the second and third mated female. There were no significant effects of 0 or 125 Gy exposures on female mating or time in copula. However, significantly lower percentages of mating of treated and untreated females occurred with sequentially provided male moths on days 2, 3, to 5 following the first observed female mating.   Mating competitiveness was measured from direct observations at all doses ,the males treated up to 125 Gy were full competitive to untreated male
INTRODUCTION

        The black cutworm, greasy cutworm, Agrotis ipsilon (Hufn.) is a pest of several crops in Egypt, such as cotton, soybean, corn, potatoes and tomatoes. It attacks winter crops as well as early summer crops. The insect population in Egypt begins from the south and moves gradually allover the country. The population reaches its highest density during January to March, after which it drops sharply, and the insect disappear during July until September.

       Black cutworm is often difficult to control, especially when populations are epidemic in proportion. Large populations may cause severe crop damage with indications that the pest is the black cutworm. Unfortunately, by the time the pest is identified, the cutworms would have already developed into a life stage which is not as susceptible to insecticides as the early larval stages. The sporadic nature of cutworm populations can make preventive treatments futile in some areas. An additional problem for control is the soil-dwelling habits of the larvae, often beneath heavy foliage, making it difficult for insecticides to reach their targets (Hill, 1983). Autocidal control methods (i.e., sterile insect technique (SIT) and F1 sterility) represent the best option which offers considerable potential and uses with great success against the pest. Data on the effects of gamma radiation on the fecundity and fertility of A. ipsilon were published Elnagar et al. 1984, These authors suggested further studies at doses ranged from 50 to 150 Gy were warranted in order to select a dose that would allow for maximum production of partially sterile P1 adults while inducing full sterility in the F1 generation. Applications of F1 sterility to the study of F1 sterility for lepidopterans take advantage of two unique genetic phenomena in Lepidoptera. First, lepidopteran females generally are much more sensitive to radiation than are males of the same species. This may allow the dose of radiation to be adjusted so that treated females are completely sterile and males are partially sterile. Second, when partially sterile males are outcrossed with wild fertile females the radiation-induced deleterious effects are inherited by the F1 generation. As a result, egg hatch is reduced and the (F1) offspring produced are both highly sterile and predominately male. The lower dose of radiation used in this technique increases the quality and competitiveness of the released moths (North 1975). In addition, because F1 sterile progeny are produced in the field, the release of partially sterile insects offers greater suppressive potential than the release of fully sterile insects (LaChance 1985). Carpenter et al. (2009) showed that the lipdopteran females generally can completely sterilizing at a dose of radiation that only partially sterilizes males of the same species.

 The aim of current study is to evaluate the mating activity and mating comptativnessof A. ipsilon in response to many substerilizing doses (75Gy to 200 Gy ) and report results from these additional studies and comment on their relevance to the development and use of the sterile insect technique for mitigating the threat of A. ipsilon in  Egypt
MATERIALS AND METHODS
1- Laboratory rearing of insects.
         The black cutworm, Agrotis ipsilon (Hufn.) culture was maintained in the laboratory at 25±2 °C and 70 5 % R. H. for several generations. 
2- Radiation treatments:
The full grown male pupae ofAgrotis ipsilon (24 - 48 hours before emergence to adults) from the stock culture were irradiated with gamma radiation at different doses (75, 100, 125, 150, 175 and 200 Gy), Irradiation was carried out with doses of gamma radiation from cobalt-60 source at dose rate of 30 Gy/minute at Cyclotron Project, Experimental Physics Department, Nuclear Research Centre, Atomic Energy Authority, Egypt.

3-Types of Mating Activity of Males:
 Mating and oviposition cages consisted of cylinder glass jars (12cm diameter and 25cm height). The bottom of the jar was lined with a piece of filter paper soaked with water, while the upper rim was covered with muslin that was fixed with rubber bands Stripes of muslin were hanged from the rim of the jar to down in the jar space, in order to serve as a resting and oviposition sites For moth feeding a piece of cotton in small vial was soaked in 10% sucrose solution and provided to the glass jar 
     Moths were preconditioned under 14-.10 light: dark (L: D) cycles at 25±2°C for 24 h prior to initiation of the studies. The dark phase was initiated at 4-a.m. Observations of the numbers of times and duration of times in copula were made under low intensity red light (7 \V) in 25±2 °C constant temperature glass jars during the last 6 h of the dark period. Little or no mating occurs in light periods or the first 4 h of the dark period (César Gemeno and Haynes 2000). All experiments remained for five days and replicated six times with ten individual pairs per replicate

Type 1: 
After irradiation, 10 male moths in each case treated with (75,100.125,150.175and 200 Gy), and 10 untreated males were placed individually in mating cages, each with a virgin 1 to 2-day-old female, in the photoperiod regulated temperature controlled laboratory. Time of initiation and termination of copulation was recorded to determine effect of treatments on mating and duration of time moth pairs were in copula. Female moths at the end of copulation were removed from the mating cages and held for 48 h. They were then dissected and examined for the presence of a spermatophore in the bursa copulatrix. The presence of sperm in the spermatheca was verified by placing spermatheca on a glass microscope slide, rupturing the spermatheca and examination under the microscope for sperm bundles.
Type 2:  The effect of radiation on male mating and oviposition of untreated females paired with treated males was determined in a similar manner to the mating type 1, except that after being observed in copula, females were removed and placed individually in oviposition cages. The numbers of eggs produced were recorded for 10 days. Also, the removed female was replaced with a second virgin female on day 2 for one night to determine the ability of treated and untreated males to successfully inseminate female on successive nights. The process was repeated on day 3 until day 5 . All females were 1 to 2 days old when placed in the cages with males. At the end of the oviposition periods, all females were dissected and examined for presence of spermatophore. Regarding to the mean female effect and the mean doses effect, the reported data were generated by calculating the average values of the studied parameters (percent of observed males in copula, average time in copula, number of eggs per mated female, egg hatchability and mated female with spermatophore).

Type 3: Male competitiveness was assessed in a similar manner to the mating type1, two types of males were used in the experiments Males treated with (75,100.125, 150.175and 200 Gy) ( T-male), as indicated above; and untreated males ( N-Male) with a virgin 1 to 2-day-old female, in order to distinguish the male “types” the wing tips of treated and untreated males were differentially colored with a felt-tip marker. For the assessment of mating competition, only the first mating combinations were considered. All the observations were taken at 25±2°C and 70 ±5 % RH. Six replicates were used in each dose. Each replication consists of ten pairs of insects. Finally, the competitiveness was calculated according to the formula of (Nahar, et al 2006):   

  C =   i/n 

          S/N

Where, i = The number of mated irradiated males,
            n = The number of mated normal males.

            S = Number of sterile male used in the experiment 

            N = Number of normal male used in the experiment 
Statistical Analysis: 
Mean comparison among the treatments were analyzed by using least significant difference (L.S.D.) and Duncan’s multiple range tests (P=0.05) (Steel and Torrie, 1980).
RESULTS AND DISCUSSION: 
Mating activity types of males, Data showed that no significant difference between untreated and treated groups in moth were observed in copula occurred, nor time of copulation(Table 1) when treated P1 males were crossed with untreated virgin females (Type 1) . while significant difference between the treated males and untreated once in spermatophore formation and percentage of females with sperm in their spermatheca at least two high doses .The results indicated that the mating ability/fitness of the irradiated males was not affected at low treatments ,these result agree with those reported by Suckling et al. (2004). Also, Henneberry (1993) reported that the lower percentages of pink bollworm, Pectinophora gossypiella moths exposed to 200 Gy were observed in copula than untreated moths during the first 6- h mating  period following irradiation. Irradiated (100 or 200 Gy) male were in copula less time than untreated males but no significant differences in spermatophore occurred, nor in the percentages of females with sperm in their spermatheca were occurred.


The mating activity (Type 2) of males, in the female the number of moth were observed in copula were not significantly different when their pupae irradiated at 75 and 125 Gy while those were comparatively higher when the pupae irradiated at the other doses (Table 2 ). Time of copula was found not to be significantly different with the radiation dose except at 125 Gy dose whereas, the fecundity slightly decreased with increasing radiation doses but eggs hatching varied significantly with the irradiation doses .Un-separatin pair was found not to be significantly different with the radiation dose whereas sermatophore transfer significantly lower than control among doses, (Table 2).

      The percentages of males observed in copula with  female less than those of untreated moths (control) at every dose, while the copulation time was found not to be significantly different with the radiation dose (Table3). At doses 0, 75, 100, 125, 150, 175 and 200 Gy the egg laing were 725.98, 636.75, 487.79, 455.85, 407.43, 501.11and 420.86 respectively and the egg hatching were 56.67, 36.56, 29.89, 27.18, 18.33, 14.93 and 9.49 respectively. No significantly different with the radiation dose against The egg laing ,whereas the egg hatching  not to be varied significantly with the irradiation doses and negative correlation was also noticed to exist between percent females observed in copula w/spermatophore and radiation doses( Table3). No significantly different with the control and the un-separation pair that irradiated at 0,75, 100, 125, 150, 175, and 200 Gy. Was significant from control.

Results are presented in (Table 4) reported that the  female percentages / males observed in copula were significantly lower in irradiated males (at doses above 150 Gy)  than non-irradiated. The total time in copula was slightly (although significantly) longer for the treated males than for the normal male, there was a significant treatment effect, with males treated at 125Gy remaining in copula for the longest period of time.

Table (1): Effects of gamma radiation on black cut-worm Agrotis ipsilon male moths on mating, time in copula,
Spermatophore and sperm transfer (Type 1)
	Dose to male

(Gy)
	No. of Tested pairs
	Rate

of

Mating
	% Males

observed in

copula (SE
	Time in
copula
(min)(SE
	%
Females
observed
in copula
w/spermatophore
(SE

	%

Females with spermatophore and sperm in spermatheca
(SE

	Cont

75

100

125

150

175

200
	60

60

60

60

60

60

60
	56/60

52/60

52/60

52/60

51/60

50/60

49/60
	93.33 ( 1.81  a
86.67( 4.22   a
86.67( 4.95   a
86.67(4.95    a
85.00( 3.42   a
83.33( 4.22   a
81.67( 1.67   a
	122.24( 2.80  a
119.78( 1.64  a
119.75( 2.84  a
119.93( 1.29  a
119.98( 0.78  a
123.13( 1.61  a

121.70( 5.41  a
	98.21( 1.67   a

100( 4.22     ab

98.08( 5.00  ab
98.08( 4.28  ab
98.04( 3.33  ab

94( 4.01      b
91.84( 3.42  b
	94.55( 4.22   a
98.08(3.42    a
92.16( 4.77   ab
94.11( 3.65   ab

92.00( 3.33   ab

89.36( 4.47     b
91.11( 4.01     b

	L.S.D
	--
	--
	N.S
	N.S
	1.1
	1.15


w/spermatophore  

                                 Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).
Table (2): Effect of gamma radiation on male black cut-worm Agrotis ipsilon moths on mating, average time inِ copula, % females observed in copula with spermatophore ,  average number, viability of eggs  and % un-separated pairs after   sequentially with three individual untreated females (Type 2- 1st female) a
	Dose to male
(Gy)
	% Males
observed in
copula (SE

	time inِAverage
in copula (min.)
(SE

	Mating time ranged between
	No. of eggs /
mated  female
( SE
	%

hatchability
( SE
	%Females observed in copula w/spermatophore
(SE
	%

Un-separate      pairs (SE


	
	
	
	Max.

time
(min
	Min.

time

(min
	
	
	
	

	Cont.

75

100

125

150

175

200
	96.67 ( 0.21  a

90.00 ( 0.52 ab
83.33 ( 0.33  b

95.00 ( 0.22  a
80.00 ( 0.58  b

81.67 ( 0.31  b
81.67( 0.31  b
	122.17(2.14   ab
118.32 ( 2.34 ab
116.18( 2.24   b

125.47 ( 2.46   a

123.86 ( 1.46  ab

122.00 ( 2.6    ab
121.9 ( 4.14   ab
	172

144

275

162

207

183

221
	80

95

90

96

73

70

53
	990.02 ( 78.03  a

676.09 ( 47.34 b
631.61 ( 66.95 b

629.87 ( 46.06 b
583.51 ( 73.05 b

674.33 ( 76.45 b

567.94 ( 84.25 b
	79.25( 2.51  a
32.62( 3.85  bc
32.36( 2.12  bc
39.35( 3.56  b
30.68( 3.08  bc
24.55( 4.56  cd
19.87( 4.39    d
	93.33 ( 0.33  a
85.00 ( 0.56  ab
80.00 ( 0.45   b
93.33 ( 0.22   a
73.33 ( 0.42  b
75.00 ( 0.56   b
76.67 ( 0.33   b
	0.00( 0.00   a
16.67( 0.17  a

16.67(0.17   a
16.67(0.17   a
0.00( 0.00    a
16.67( 0.17  a
33.33( 0.21  a

	L.S.D
	1.08
	7.27
	--
	--
	198.23
	10.11
	1.19
	N.S.


          a Mean of six replications,ten individual pairs/replication
Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).
Table (3): Effect of gamma irradiation on male black cut-worm Agrotis ipsilon moths on mating, average time inِ copula, % females observed in copula with spermatophore ,  average number, viability of eggs  and % un-separated pairs after sequentially with three individual untreated females (Type 2- 2nd female) a
	Dose to male

(Gy)
	% Males

observed in

copula (SE

	time inِAverage
in copula (min.)
(SE
	Mating time ranged between
	No. of eggs /

mated  female

( SE
	% hatchability

( SE
	%

Females observed in copula w/spermatophore
(SE
	%

Un-separate

pairs

(SE

	
	
	
	Max.

time
(min)
	Min.

time

(min
	
	
	
	

	Cont.

75

100

125

150

175

200


	78.33 ( 0.40   a

58.33( 0.79   bc

53.33( 0.49  bcd

71.67( 0.75  ab

40.00( 0.57   cd

50.00( 0.50   cd
41.67( 0.60    d
	120.14( 2.57  a

123.46( 2.27  a
124.92( 1.40  a

125.17( 5.49  a

139.56(16.31  a
129.07( 6.93   a

127.23( 3.94  a
	195

167

186

180

220

299

170
	98

95

100

65

80

79

60
	725.98( 72.44   a
636.75(105.86  ab

487.79( 50.27   b

455.85( 46.41   b
407.43( 82.79   b
501.11( 20.49  ab

420.86(112.62   b
	56. 67 ( 5.46    a
36.56( 5.36     b
29.89( 3.97     bc
27.18 ( 4.98   bcd
18.33( 4.76   cde

14.93(  3.67   de

9.49( 2.60      e
	75 ( 0.43     a
55( 0.89     abc
51.67(0.54  bcd
65( 0.96     ab
33( 0.49     d
42( 0.18      cd

38.33( 0.87  cd
	0.00(0.00   a
0.00(0.00   a

16.67( 0.17   a

0.00( 0.00     a

16.67(0.17     a

0.00( 0.00     a
16.67( 0.17    a



	L.S.D
	1.78
	N.S.
	--
	--
	219.41
	12.8
	1.94
	N.S.


a  Mean of six replications, ten individual pairs/replication

Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).
Table (4): Effect of gamma irradiation on male black cut-worm Agrotis ipsilon moths on mating ,average time inِ copula ,% females  observed in copula with spermatophore  average number, viability of eggs  and % un-separated pairs after sequentially with three individual untreated females (Type 2-3rd female) a
	Dose to male

(Gy)
	%  Males

observed in

copula (SE
	time inِAverage
in copula (min.)
(SE
	Mating time ranged between

	No. of eggs /

mated  female

( SE
	% hatchability

( SE
	%

Females observed in copula w/spermatophore
(SE
	% Un-separate

pairs

(SE

	
	
	
	Max.

time
(min)
	Min.

time

(min)


	
	
	
	

	Cont.

75

100

125

150

175

200
	35.00 ( 0.62   a
26.67 ( 0.67  ab
20.00( 0.52    b

28.33(0.40    ab
18.33( 0.48    b

20.00( 0.41    b

20.41( 0.41    b
	124.04( 5.22   ab

120.64( 4.19   ab
121.14( 7.12    ab

131.94(  8.62    a

125.88( 4.96    ab
99.19( 21.72    b

115.75( 21.24   ab
	183

228

152

205

140

143

160
	85

94

83

90

111

39

56
	566.86( 143.71   a

493.83( 141.51  ab
524.58( 93.46   ab

291.74( 90.64   ab

452.25( 74.69   ab

197.22( 132.30   b
418.75( 163.26  ab
	35.55( 10.11   a

20.38( 11.33   ab
25.10( 8.79    ab

11.49( 4.87    b
4.26( 4.1       b

4.66( 5.33     b

5.92( 6.78     b
	30.00( 0.73   a
25.00( 0.56    a

18.33( 0.60    a

28.33(  0.40    a
15( 0.29          a
17.5( 0.25       a
15( 0.29          a
	33.33( 0.33   a
33.33( 0.21   a

16.67( 0.17    a

33.33( 0.33    a
0.00( 0.00     a

66.66( 0.75   a

50.00( 0.29   a

	L.S.D
	1.32
	25.52
	--
	--
	303.00
	20.85
	N.S.
	N.S.


a  Mean of six replications, ten individual pairs/replication

Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).

 When males were treated with 175 Gy the number of egg laying (Table 4) was lower than controls, there were significant differences in the percent of egg hatch among treatments .Radiation dose not significantly affected both percent females observed in copula w/ spermatophore and un-separation pair

       (Table5) summarized the results about mean females effect and mean doses effect on male black cut-worm moths mating activities, and show that the means percentages of treated male moth mating were less than that of untreated male moths but this reduction was not significant . significant reduction in percentages of males were observed in copula with untreated virgin females (56.19 and 23.98 )on the second and third females than on the first once (86.90),also males spent longer time in copula with females 2 and 3 compared to those on the first time. Numbers of eggs/female deposited by untreated females mated to irradiated or untreated males were significantly different. Also, egg hatch was significantly reduced as a result male treatment and was also significantly less from eggs deposited by the second and third sequentially-mated females compared to the first mated females, percent of egg hatch decreased to reach a 12.05% reduction at 200 Gy and to a 15.53 % reduction in third female there were significant interactions of female mating sequences and radiation dose. Irradiated males over all radiation doses had no significant differences in spermatophore transfer nor in the percentages of un-separate couples but the significant differences occurred with sequentially three mating females .There were significant interactions within sequentially three mating females however, no significant interactions of female mating sequences and radiation dose were observed. The average numbers of times that untreated, 75,100,125,,175 and 200 Gy treated male moths were observed in copula were 2.15 ± 0.12, 1.75 ± 0.15, 1.55 ± 0.14, 1.95 ± 0.11, 1.32 ± 0.11, 1.4 ± 0.17 and 1.37 ± 0.14 respectively.

          Similar finding were made by Henneberry (1993) in pink bollworm who found the mean percentages ( 63% ) of 100 Gy but not 200 Gy (72%) treated male moth mating was less than that of untreated male moth (74 % ). Lower percentages of males were observed in copula with untreated virgin females on the first and second days after treatment than on the day of treatment. Also, males spent longer time in copula with females 2 and 3 on the first and second day following treatment compared to those on the day of treatment. Numbers of eggs / female deposited by untreated females mated to irradiated or untreated males were not significantly different. However, egg hatch was significantly reduced as a result of 100 – 200 Gy male treatment and was significantly less from eggs deposited by the second and third sequentially – mated female compared to the first mated females There were significant interactions within sequential mating females while non-significant interaction among doses was noticed.

       (Table 6) indicated that the 60 replicates with paired releases of irradiated and control males 56.52, 59.18, 52.00, 46.67, 46.67 and 40.91% respectively (n =26, 29, 26, 21, 21 and 18) respectively at the doses, 75, 100, 125, 150, 175 and 200 Gy respectively.  The irradiated males located and mate 
Table (5): Mean female effect and mean dose effect on male black cutworm Agrotis ipsilon moths on mating, average time in copula, % females observed in copula with spermatophore, average number, viability of eggs and % un-separated pairs after sequentially with three individual untreated females (type 2)*
	Dose to male
(Gy)

	% Males observed in copula ±SE

	Average time in copula (min.)
±SE

	Mating time

	No. of eggs /mated female ± SE

	% Hatchability
±SE

	% Females observed in copula w/spermatophore
±SE

	% Un-separate pairs ± SE


	
	
	
	Max. time (min)

	Min. time (min)

	
	
	
	

	Mean female effect


	1st♀

2nd  ♀

3rd ♀


	86.90 ± 0.28" 56. 19 ±0.59" 23.98 ± 0.26°

	121.41 l±1.30a 127.08 ± 2..53a 120.11 ±3.97"

	194.86 202.43 173.00

	79.57 82.43 79.71

	679.05 ± 58.43" 519.39 ±48.33b 425.37 ± 52.26b

	36.96 ± 8.03a
27.58 ± 6.47ab :15.53±4.84b

	82.38 ± 0.37a 51.48 ±0.61b 21.31 ±0.26C

	14.00 ±0.47a. 10.00±0.37b 41.67±0.16b


	Mean doses effect


	0

	70.00 ±1.83"

	122.12 ±1.13'

	183.33

	87.67

	760.98 ±123.52a

	57.16 ±12.63a

	66.11 ±1.88"

	ll.lliO.ir


	75

	58.33 ±1.83a

	120.81 ± 1.48"

	171.00

	91.00

	602.23 ± 55.44ab

	29.85 ± 4.88b

	55.00 ±1.73"

	16.33 ±0.96°


	100

	52.22 ±1.83"

	1 20.74 ±2.54a

	179.67

	94.67

	548.00 ± 43. 19ab

	29.12 ±2.13b

	50.00 ±1.78a

	16.00 ±0.00°


	125

	65.00 ±1.96"

	1 27.53 ± 22 la.

	182.33

	83.67

	459.15±97.74b

	26.00 ±8.08b

	62.78 ±1.93"

	16.33 ±0.96"


	150

	45.83 ±1.83"

	1 29.57 ±5.02"

	189.00

	88.00

	481.70±52.72ab

	17.70±7.69b

	40.56 ±1.72"

	5.33±5.56a


	175

	50.56 ±1.78"

	1 17.27 ±8.52"

	208.33

	62.67

	462.92 ±134.60ab

	14.93 ± 5.55b

	44.28 ±1.62°

	47.22 ± 0.39a


	200

	47.78 ± 1.8 la

	122.04 ± 2.96a

	183.67

	56.33

	473.93±47.19b

	12.05 ± 3.99b

	43 .33 ± 1.80s

	33.33 ± 0.96"



* Mean of six replications, ten individual pairs/replication.
Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).
Table (6): Assessment of mating competitiveness of radiation treated males of black cutworm Agrotis ipsilon by direct observation

.
	Dose to male
(Gy)

	No. of tested replications*

	Un-mated males

	Rate of mating

	Total mating %

	Competitiveness (Q value


	
	
	
	T♂XN♀

	N♂X N♀

	.T♂XN♀

	n♀xn♂

	

	75

	60

	14

	26/46

	20/46

	56.52

	43.48

	1.30


	100

	60

	11

	29/49

	20/49

	59.18

	40.82

	1.45


	125

	60

	10

	26/50

	24/50

	52.00

	48.00

	1.08


	150

	60

	15

	21/45

	24/45

	46.67

	53.33

	0.75


	175

	60

	15

	21/45

	24/45

	46.67

	53.33

	0.75


	200

	60

	16

	18/44

	26/44

	40.91

	59.09

	0.69



* Each replication contains 1 treated male: lun-treated male: lun-treated female

Table (7):   Effects of gamma irradiation on black cutworm female moths on mating, time in copula when paired sequentially with a virgin male moth on each of 5 days (experiment 4).
	Dose to female
(Gy)

	Male No.

	No. of tested replication

	% Males observed in copula ± SE

	Time in copula (min)
±SE

	No. spermatophore / female ± SE (mean dose effect)

	No. of eggs / mated female ±SE (mean dose effect)

	% Corrected
from control

	Hatchability ±SE (mean dose effect)

	Hatch corrected from control


	0

	1 2

	60 60

	83.33 ±0.21" 20.00 ± 0.66b

	123.78 ±03.38" 147.16 ±12.56b

	1.2 ±0.63°

	626.09 ± 43.96a

	100.00

	60.03 ±2.38a

	100.00


	
	3

	60

	0°

	.—

	-

	-

	—

	—

	-


	125

	1
2

	60 60

	80.00 ± 0.77a 25.00 ± 0.68b

	119.65±02.46a 152.80 ±11.19b

	1.25±0.51a

	490.60 ± 34.76b

	78.35

	0.00 ± 0.00b

	0


	
	3

	60

	0°

	-

	-

	-

	-

	-

	--•


	Mean dose effect


	0

	
	180

	33.33 ± 0.90"

	133.13 ±6.44a

	-

	-

	.    -

	-

	-


	125

	
	180

	33.33 ± 0.85a

	134.70 ± 7.17a

	-

	•   —

	-

	"

	-


	Mean male effect


	
	1 2

	120 120

	81.66 ±0.38a 22.44 ± 0.45b

	121. 71 ± 2.08a 149.98 ± 7.38b

	—

	—

	—

	-

	—


	
	3

	120

	0°

	-

	-

	-

	-

	-

	-



Within columns, means followed by a common letter don't differ significantly (LSD test, P<0.05).
with the calling females. The mating competitiveness calculated from the direct observation in revealed that males emerged from pupae irradiated at 75 to 125 Gy are equally capable of mating as control. The competitiveness values calculated in the present study at 75 Gy was 1.30, at 100 Gy was 1.45 and that at 125 Gy was 1.08, results suggest that lower radiation doses may improve the competitiveness0f sterile released insects. Ocampo (2001) suggested that partially sterilized males Helicoverpa armigera were as competitive as untreated males in seeking and securing mates, males treated with 100 Gy. Nahar et al (2006) reported that the relationship between radiation dose and mating competitiveness evaluated by the method of direct observation indicated that 10, 20 and 30 Gy radiation treated males of Bactrocera  cucurbitae  were almost as successful as untreated males. On the other hand 40 Gy and 50 Gy treated males were 2-3 times less competitive than the untreated insects. The competitiveness values of 40 and 50 Gy treated males were 0.45 and 0.39, respectively. The competitiveness value reduced significantly at 40 and 50 Gy, indicating less competitive as compared to 100, 20 and 30 Gy treated males. It was found that 10, 20 and 30 Gy treated males were equally compatible with untreated females in the presence of untreated males.    
       Radiation exposure of 0 or 125 Gy had no effect on percentages of treated females mating or times in copula with untreated males (Table 7). However, percentages of females mating over radiation doses decreased from an average of 81.66% with the first male to 22.44% and 0 respectively with new virgin males provided during the second, and third mating periods Similarly Henneberry (1993) reported that observations.    The average numbers of sequential male matings were 1.2(0.63 and 1.25(0.51 times with untreated females or females exposed to 0 or 125 Gy, respectively.
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