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Table 1. Probit analyses of the effect of artificial diet treated with different concentrations of Matrine
and Bacillus thuringiensis (ppm) on the fourth and fifth instars larvae of Anagasta kuehniella after 48

hours
Larval stage Treatment n Slope + SE LCz (CI)* LCs (CI)* X2 (df)
. 28.086 67.192
Matrine 60 1.384 £0.17 (2.27 - 60.19) (18.94 — 138.55) 8.085 (3)
4 tinstar
423.851 908.595
Btk 60 15842023 (11153 69277) (526.81-1966.13)  >297 ()
. 32.467 77.457
Matrine 60 1.389 £ 0.17 (3.20 - 67.17) (25.09 — 160.14) 7.772 (3)
5 ™ instar
Btk 60  1698+026 008281 1360.68 10.957 (3)

(7.33-1643.9)  (683.65— 2752)

* Cl: confidence interval at 95% of probability of error. ** Btk: Bacillus thuringiensis subsp. Kurstaki
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Figure 1. Comparison of the mean percentage of host larval instars preference by Habrobracon
hebetor at the 95% probability level with Tukey's test. Similar letters above each column
indicate the absence of significant differences.
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Table 2. The mean (x SE) paralyzed and parasitized larvae and the number of eggs laid by
Habrobracon hebetor on healthy and treated fourth and fifth instar larvae of Anagasta kuehniella by
sublethal concentration (LCs) of Matrine and Bacillus thuringiensis in choice test

4™ instar larvae 51 instar larvae
T No. of No. of No. of No. of No. of No. of
reatment L o
paralyzed larvae parasitized eggs paralyzed larvae  parasitized larvae eggs
larvae laid laid

Control 1.12+0.10° 0.81+0.13° 8.27 £0.06 1.34+0.07° 1.03+0.01° 8.71+0.06 ¢
Btk * 1.34 £0.07° 1.01+0.01° 9.25+0.06° 1.55+0.08"° 1.16 £0.04 ° 9.64 +0.07°
Matrine 1.72 £0.07 @ 141+0.07° 11.83+£0.06° 2.02+0.01° 1.49+0.07° 12.25+£0.06°
F(2,117) 13.481 12.133 827.524 33.065 15.364 650.863
P 0.001 0.001 0.001 0.001 0.001 0.001

Means were compared by Tukey's test at the P<0.05. Similar letters above each column indicate the absence of
significant differences. * Btk: Bacillus thuringiensis subsp. Kurstaki
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Figure 2. Emergence rate and sex ratio of adult Habrobracon hebetor from healthy and treated fourth
and fifth instar larvae of Anagasta kuehniella by sublethal concentration (LCso) of Matrine and
Bacillus thuringiensis in choice test. Similar letters above each column indicate the absence of
significant differences. The lowercase and uppercase letters related to the fourth and fifth instar
larvae respectively. Btk: Bacillus thuringiensis subsp. Kurstaki
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Table 3. The mean (+ SE) paralyzed and parasitized larvae and the number of eggs laid by
Habrobracon hebetor on healthy and treated fourth and fifth instar larvae of Anagasta kuehniella by
sublethal concentration (LCso) of Matrine and Bacillus thuringiensis in non-choice test

4™ instar larvae 5" instar larvae
T No. of No. of No. of No. of No. of No. of
reatment - L
paralyzed larvae parasitized €ggs paralyzed larvae parasitized €ggs
larvae laid larvae laid
Control 3.3+0.12% 22+0.10° 19.6+0.12°2 3.4+0.13% 2.4+0.13% 21.3+0.12°2
Btk* 3.4+0.13% 1.8+0.09%® 17.3+0.12° 3.6+0.12° 2.0+0.06%® 18.9+0.65°
Matrine 3.4+0.13% 1.6+0.12° 15.4+0.13°¢ 3.6+0.13° 1.9+0.11° 17.8+0.10°
F(2,42) 0.262 6.125 6211.00 0.612 4.875 21.661
P 0.77 0.005 0.001 0.547 0.012 0.001

Means were compared by Tukey's test at p<0.05. Similar letters above each column indicate the absence of significant

differences.* Btk: Bacillus thuringiensis subsp. Kurstaki
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Figure 3. Emergence and sex ratio percentage of adult Habrobracon hebetor from healthy and treated
fourth and fifth instar larvae of Anagasta kuehniella by sublethal concentration (LC3o) of Matrine and
Bacillus thuringiensis in non-choice test. Similar letters above each column indicate the absence of
significant differences. The lowercase and uppercase letters related to the fourth and fifth instar larvae
respectively. Bik: Bacillus thuringiensis subsp. Kurstaki
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Abstract

In this research, the efficiency of the parasitoid wasp, Habrobracon hebetor (Say) in integrated
with Matrine and Bacillus thuringiensis (Berliner) subsp. Kurstaki (Btk) against Anagasta kuehniella
(Zeller), was investigated. Lethal and sublethal concentrations (LCs) of Matrine and Btk were
determined by bioassay method on host larvae. To evaluate the preference of the host larval instars by
the parasitoid, different larval instars were provided for parasitoid and the rate of parasitism was
determined. The fourth and the fifth instar larvae of the host were treated with sublethal concentrations
of Matrine and Btk then were provided for parasitoid in choice and non- choice conditions. The rate of
paralysis, parasitism, egg-laying, emergence percentage and sex ratio of release wasps were
determined. The results showed that female parasitoid preferred the fourth and fifth instar larvae of the
host for parasitism. In the choice test, Matrine-treated larvae were more preferred by female parasitoid
while in non-choice test, the highest amount of parasitism and egg-laying was related to the control
treatment. The emergence percentage of adult wasps and their sex ratio (Female/Total), obtained from
Matrine-treated fourth and fifth instar larvae, were 61 and 54% in the choice and 61 and 54% in the
non-choice tests. The results showed that Matrine and Btk have significant potential in controlling of
A. kuehniella. However, due to the sublethal adverse effects of these control agents on the efficiency
of the parasitoid, simultaneous use of them with the parasitoid wasp, H. hebetor is not recommended.

Key words: Biological control, host preference, integrated control, Mediterranean flour moth, sub-
lethal effect
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