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Abstract

Habrobracon hebetor Say is one of the most important ectoparasitoids of the larval stage of many
lepidopterous pests. In this study, the effect of different cold storage duration (at 4+1°C) including 0
(Control), 10, 20 and 30 day were evaluated on fecundity, percentage of egg hatch as well as age-
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specific functional response of H. hebetor to last instar of Anagasta kuehniella (Zeller) for 10 day.
Different densities of 2, 4, 8, 16, 32, 64 and 128 of the host were offered separately to the parasitoids
at 27+1 °C, 65+5% RH and a photoperiod of 16: 8 (L: D) h. The numbers of paralyzed larvae, produced
and hatched eggs in each host density and treatment were recorded daily. The results revealed a type Il
functional response for all treatments. The highest and lowest values of attack rates were estimated in
101 day of control treatment (0.0816+0.0129 h') and 6" day of 30 day storage treatment
(0.0474+0.0083 h1), respectively. The highest and lowest handling time was observed in eighth day of
30 day storage treatment (1.5849+0.1217 h) and in first day of control treatment (0.3155+0.0176 h),
respectively. The lowest values of fecundity and egg hatch of the parasitoid as well as percentage of
paralyzed host larvae were obtained in 30 day storage treatment.
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Table 1. The P1 values estimated by the logistic regression analyses of the proportion of Anagasta
kuehniella larvae paralyzed by Habrobracon hebetor in different treatments

Cold Female age . 2
storage (Day) P1 (linear) SE X P-value
duration
1 -0.0735 0.0152 23.40 <0.0001
2 -0.0857 0.0106 65.64 <0.0001
3 -0.0792 0.0137 33.24 <0.0001
4 -0.5269 0.1662 10.05 0.0015
5 -0.0682 0.0121 31.55 <0.0001
Control
6 -0.0765 0.0131 33.87 <0.0001
7 -0.0784 0.0122 41.19 <0.0001
8 -0.4014 0.1640 5.99 0.0144
9 -0.0801 0.0105 57.95 <0.0001
10 -0.0645 0.00903 51.04 <0.0001
1 -0.0651 0.00978 44.24 <0.0001
2 -0.0627 0.00770 66.24 <0.0001
3 -0.3109 0.0746 17.36 <0.0001
4 -0.2611 0.0737 12.55 0.0004
10 day 5 -0.1873 0.0527 12.64 0.0004
6 -0.3044 0.0601 25.67 <0.0001
7 -0.2815 0.0745 14.29 0.0002
8 -0.4715 0.1654 8.13 0.0044
9 -0.3229 0.0954 11.45 0.0007
10 -0.3232 0.1614 4.01 0.0453
1 -0.0823 0.00921 80.81 <0.0001
2 -0.0759 0.00801 89.67 <0.0001
3 -0.2410 0.0562 18.38 <0.0001
4 -0.2124 0.0509 17.44 <0.0001
20 day 5 -0.1492 0.0463 10.39 0.0013
6 -0.2017 0.0458 19.40 <0.0001
7 -0.2475 0.0537 21.24 <0.0001
8 -0.2615 0.0595 19.34 <0.0001
9 -0.1935 0.0457 17.90 <0.0001
10 -0.1721 0.0389 19.53 <0.0001
1 -0.0907 0.00816 123.41 <0.0001
2 -0.0829 0.00764 117.71 <0.0001
3 -0.1350 0.0322 17.62 <0.0001
4 -0.1661 0.0311 28.49 <0.0001
5 -0.1105 0.0231 22.98 <0.0001
30 day
6 -0.1366 0.0242 31.89 <0.0001
7 -0.1786 0.0273 42.70 <0.0001
8 -0.1369 0.0246 31.09 <0.0001
9 -0.1554 0.0294 27.97 <0.0001
10 -0.1233 0.0275 20.10 <0.0001
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Fig. 1. Age-specific functional response curves of Habrobracon hebetor to Anagasta kuehniella larvae
in control treatment within 10 days experiments. The data points and solid lines represent the number
of host paralyzed and predicted by the model, respectively.
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Fig. 2. Age-specific functional response curves of Habrobracon hebetor to Anagasta kuehniella larvae

in 10 days cold-storage treatment within 10 days of experiments. The data points and solid lines repre-
sent the number of host paralyzed and predicted by the model, respectively.
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Fig. 3. Age-specific functional response curves of Habrobracon hebetor to Anagasta kuehniella larvae

in 20 days cold-storage treatment within 10 days of experiments. The data points and solid lines repre-
sent the number of host paralyzed and predicted by the model, respectively.
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Fig. 4. Age-specific functional response curves of Habrobracon hebetor to Anagasta kuehniella larvae
in 30 days cold-storage treatment within 10 days of experiments. The data points and solid lines repre-
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Table 2. Age-specific functional response parameters of Habrobracon hebetor to Anagasta kuehniella
larvae in control treatment (without cold-storage) for 10 day

Female ade Functional Attack rate (h™) Handling time (h)
(Da )g response a +SE ThtSE R?
Y type (Confidence interval) (Confidence interval)
1 1l 0.0681+0.0054 0.3155+0.0176 0.93
(0.0573-0.0788) (0.2805-0.3506)
2 1l 0.0717+0.0072 0.4591+0.0257 0.89
(0.0573-0.0860) (0.4077-0.5104)
3 1l 0.0734+0.0075 0.3908+0.0238 0.89
(0.0585-0.0883) (0.3432-0.4383)
4 1l 0.0669+0.0065 0.4112+0.0245 0.90
(0.0540-0.0799) (0.3624-0.4600)
5 1l 0.0720+0.0075 0.3863+0.0246 0.89
(0.0570-0.0870) (0.3372-4353)
6 1l 0.0708+0.0067 0.3704+0.0220 0.90
(0.0575-0.0841) (0.3266-0.4143)
7 1l 0.0722+0.0080 0.4040+0.0266 0.87
(0.0562-0.0882) (0.3509-0.4571)
8 1 0.0703+0.0073 0.4178+0.0258 0.88
(0.0557-0.0849) (0.3663-0.4693)
9 1l 0.0707+0.0074 0.4374+0.0263 0.88
(0.0560-0.0854) (0.3850-0.4899)
10 1 0.0816+0.0129 0.5805+0.0435 0.76

(0.0558-0.1074)

(0.4938-0.6672)
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Table 3. Age-specific functional response parameters of Habrobracon hebetor to Anagasta ku-
ehniella larvae in 10 day cold-storage treatment for 10 day

Functional Attack rate (h™) Handling time (h)
Fer(ns;e )a ge response a +SE ThtSE R?
Y type (Confidence interval) (Confidence interval)

1 1l 0.0643+0.0050 0.3613+0.0189 0.93
(0.0543-0.0743) (0.3236-0.3990)

2 1l 0.0631+0.0057 0.4565+0.0246 0.91
(0.0517-0.0744) (0.4074-0.5057)

3 1 0.0642+0.0059 0.4454+0.0245 0.92
(0.0525-0.0760) (0.3964-0.4943)

4 1l 0.0653+0.0055 0.4466+0.0224 0.76
(0.0543-0.0762) (0.4019-0.4914)

5 1 0.0624+0.0051 0.4784+0.0228 0.92
(0.0523-0.0725) (0.4328-0.5239)

6 1l 0.0527+0.0047 0.4723+0.0274 0.91
(0.0433-0.0621) (0.4176-0.5269)

7 1l 0.0629+0.0059 0.3602+0.0228 0.91
(0.0512-0.0746) (0.3146-0.4057)

8 1 0.0758+0.0106 0.4855+0.0359 0.81
(0.0547-0.0968) (0.4139-0.5571)

9 1l 0.0738+0.0093 0.4556+0.0318 0.84
(0.0552-0.0925) (0.3921-0.5191)

10 1l 0.0731+0.0084 0.5309+0.0315 0.86

(0.0563-0.0899)

(0.4680-0.5938)
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Table 4. Age-specific functional response parameters of Habrobracon hebetor to Anagasta kuehniella
larvae in 20 days cold-storage treatment for 10 day

Femal Functional Attack rate (h?) Handling time (h)
eTSae )a ge response a*SE ThxSE R?
Y type (Confidence interval) (Confidence interval)

1 1 0.0643+0.0045 0.4318+0.0186 0.94
(0.0553-0.0733) (0.3948-0.4689)

2 1 0.0616+0.0043 0.4602+0.0195 0.94
(0.0530-0.0702) (0.4213-0.4990)

3 I 0.0660+0.0056 0.4834+0.0232 0.92
(0.0549-0.0771) (0.4372-0.5296)

4 1 0.0650+0.0060 0.5340+0.0270 0.90
(0.0530-0.0770) (0.4802-0.5878)

5 I 0.0614+0.0049 0.5129+0.0236 0.92
(0.0516-0.0713) (0.4657-0.5600)

6 I 0.0575+0.0057 0.4203+0.0272 0.89
(0.0462-0.0688) (0.3660-0.4746)

7 | 0.0581+0.0045 0.4300+0.0214 0.93
(0.0492-0.0671) (0.3872-0.4727)

8 I 0.0659+0.0064 0.5224+0.0279 0.89
(0.0531-0.0787) (0.4668-0.5780)

9 I 0.0630+0.0056 0.4672+0.0246 0.91
(0.0519-0.0742) (0.4182-0.5162)

10 | 0.0647+0.0064 0.5930+0.0303 0.90

(0.0520-0.0775)

(0.5324-0.6535)
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Table 5. Age-specific functional response parameters of Habrobracon hebetor of to Anagasta kuehni-
ella larvae in 30 days cold-storage treatment for 10 day

Femal Functional Attack rate (h?) Handling time (h)

€ Da € age response a+SE ThtSE R?

(Day) type (Confidence interval)  (Confidence interval)

1 1l 0.0608+0.0046 0.4975+0.0221 0.93
(0.0516-0.0701) (0.4534-0.5415)

2 1l 0.0684+0.0063 0.6170+0.0281 0.90
(0.0559-0.0810) (0.5609-0.6731)

3 1l 0.0681+0.0088 0.7384+0.0435 0.82
(0.0505-0.0857) (0.6515-0.8253)

4 1l 0.0549+0.0055 0.6480+0.0338 0.89
(0.0439-0.0658) (0.5804-0.7155)

5 1l 0.0634+0.0129 1.4168+0.1046 0.62
(0.0377-0.0892) (1.2078-1.6258)

6 1l 0.0474+0.0083 1.1847+0.0939 0.71
(0.0308-0.0641) (0.9967-1.3727)

7 1l 0.0610+0.0110 1.4618+0.1008 0.68
(0.0390-0.0830) (1.2601-1.6634)

8 1 0.0691+0.0143 1.5849+0.1217 0.61
(0.0405-0.0977) (1.3409-1.8290)

9 1 0.0683+0.0131 1.2830+0.0967 0.67
(0.0420-0.0947) (1.0890-1.4771)

10 1 0.0583+0.0088 0.9829+0.0676 0.81

(0.0407-0.0759)

(0.8469-1.1189)
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Table 6. Mean percentage (+SE) of Anagasta kuehniella larvae paralyzed by Habrobracon hebetor in
different densities of host in different cold-storage duration for 10 day

Host Cold storage duration (day)

density Control 10 20 30 Statistics ANOVA
2 100 Aa 100 Aa 100 Aa 99.50+0.50 Aa F33=1;P=0.4
4 100 Aa 100 Aa 100 Aa 99.19+0.56 Aa Faa=2.11; P=0.12
8 100 Aa 99.87+0.12 Aa  99.87+0.12 Aa 93.12+1.03 Ba Fs30= 42.24; P < 0.0001
16 99.87+0.08 Aa  97.62+0.33 Ab  93.81+1.85 Ab 74.42+3.33 Bb F3.30= 36.86; P < 0.0001
32 90.22+0.64 Ab  83.65+0.85Bc  79.50+0.53 Bc 60.56+1.95 Cc F330= 124.48; P < 0.0001
64 74.66£1.06 Ac  63.84x0.87 Bd  57.59+0.10 Bd  42.67#522Cd  Fa3=23.71; P <0.0001

128 31.1740.72 Ad  30.12+0.30 Ae  29.14+0.57 Ae 17.74+0.86 Be F330= 93.42; P <0.0001

ANOVA FG’QG: 222462 Fevgﬁ: 292611 Fﬁv%: 103235 Fsng: 15320 -
Statistics P <0.0001 P <0.0001 P <0.0001 P <0.0001

P<0.05 (55 09031) wbliioo yloss (ot o sine D3l 2975 SIS (gt 5 59 Dlie S By 5 ) 2 50 Slite 55y By
The means followed by different upper case letters in the same row and different lower case letters in the same column are signifi-
cantly different (Tukey’s test, p<0.05)
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Table 7. Mean fecundity and egg hatch (%) (£SE) of H.hebetor in different densities of A. kuehniella larvae in different cold-storage duration

Cold storage duration (day)

Host Control 10 20 30 Statistics ANOVA
density - egg hatch - egg hatch - egg hatch - egg hatch fecundity egg hatch
fecundity (%) fecundity (%) fecundity (%) fecundity (%) (%)
2 38.80+1.62 55.36+1.38 30.70+2.49 53.23+1.78 24.30+1.60 39.28+3.15 12.00+1.25 33.51+4.94 F330=39.39 Fs30=11.42
Abc Aa Bab Aa Bbc Ba Cab Ba P <0.0001 P <0.0001
4 44,70+1.30 55.36+2.75 32.30+1.28 48.72+2.43 30.20+1.12 34.92+2.61 14.20+1.41 28.55%5.12 F3.30= 80.28 F330=13.04
Aab Aa Bab Aa Bab Ba Ca Ba P <0.0001 P <0.0001
8 43.60£2.37  55.40+2.29 34.20+1.77 51.46+2.69 30.00+1.06 28.14+1.92 14.90+0.79 27.49+3.21 F330=54.23 F330= 26.47
Ab Aa Ba Aa Bab Ba Ca Ba P <0.0001 P <0.0001
16 51.60+£1.76  48.70+1.79  34.00+2.47 46.79+1.93 34.00+1.46 36.37+1.33 12.30£1.19 30.57+3.90 F330=80.99 F330= 36.86
Aa Aa Ba Aa Ba Ba Cab Ba P <0.0001 P <0.0001
32 39.80+2.35 50.16+1.61 30.10+1.08 51.33+1.97 26.70+1.98 27.44+2.40 10.20£1.47 20.57+4.39 F33=12.38 F33=18.58
Abc Aa Bab Aa Bbc Ba Cab Ba P <0.0001 P <0.0001
64 34.60+1.44 52.09+2.05 33.60+1.14 50.25+1.05 28.30+1.44 33.95+1.90 11.10+0.98 27.43+4.15 Fa30=73.89 Fa30=22.54
Acd Aa Aa Aa Babc Ba Cab Ba P <0.0001 P <0.0001
128 27.50+1.60 52.02+2.68 25.00+1.44 50.27£3.10 22.00+1.60 35.21+3.60 7.90+0.72 26.69+4.17 F330=39.84 F330=12.62
Ad Aa Bb Aa Bc Ba Cb Ba P <0.0001 P <0.0001
\M,H_W_ﬁ_Omw_\M MWmmM _Hm.omH 1.62 _Hm.omH 2.87 _HmbmH 0.87 _Hm.mmH 6.66 _HmbmH 0.96 _Hm.mmH 4.27 _Hm.mmH 0.85 - -
p< o. 0001 P=0.15 P <0.0001 P=0.52 P <0.0001 P =0.46 P <0.0001 P =0.387

P <10 (S5 5905 ablise bajlors ot Jlosine Solis 2925 KL (gt po g0 Dylite SzgS B g (o sazinly 1) oy 5 50 Sglite S5 By

The means followed by different upper case letters in the same row (for the same parameter) and different lower case letters in the same column are significantly different (Tukey’s test, P<0.05).
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