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Abstract [Objectives] To assess the effectiveness of Harmonia axyridis Pallas, reared on Ephestia kuehniella Zeller eggs,
as a biological control for adult bean aphids, Aphis craccivora Koch, and determine the optimum H. axyridis release density
required for effective biological control of this aphid. [Methods] The predatory efficiency of H. axyridis reared on either E.
kuehniella eggs or aphids, on adult bean aphids, A. craccivora, was assessed in a laboratory. [Results] Predation by newly
emerged H. axyridis adults on A. craccivora was of the Holling- type. The theoretical maximum predation rates of H.
axyridis reared on fresh eggs, UV-killed eggs, frozen eggs , frozen eggs with honey, or aphids, were 88.20, 97.73, 78.64,
101.81, 107.70 prey - d”', respectively, and there was no significant difference between these 5 treatments in average predation

rate on aphids. At the same prey density, the search efficiency of H. axyridis reared on these five different diets was also very
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similar. After fitting the new Holling functional response model, the highest possible H. axyridis density without inter-specific

competition, 31.89, was the best for biological control of aphids. [Conclusion] H. axyridis adults raised on E. kuehniella

eggs could control aphids as well as those raised on aphids and the predatory functional response model of both groups was of

the Holling- type. The parameters of the predation function of H. axyridis fed on frozen eggs with honey were most similar

to those of the control. Therefore, in terms of predation efficiency, frozen eggs with honey are the best diet for H. axyridis.

Frozen eggs are easy to preserve and therefore suitable for the large-scale production of H. axyridis.
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Table 1 Daily consumption of Harmonia axyridis on different foods to bean aphids
/ Densities of aphids (number/box)
Different treatments
of food 10 20 40 80 160 250
D1 Fresh eggs 9.6+0.55f 20.0ef 36.0+6.16 bedef 54.8+49.93 abede 57.0+17.20 abed 65.0+15.75 abed
b2 . 9.8+0.45f 19.840.45 ef 33.8+5.26 def 56.8+£16.75 abcde 76.2+16.07 abc  70.0+£17.86 abcd
UV-killed eggs
b3 9.6+0.55f 20.0ef 36.0+6.16 cdef 54.0+£9.938 abcde 57.0+17.20 abede 65.0+£15.75 abed
Frozen eggs
D4
Frozen eggs with 10.0f 20.0ef 37.4+5.81 bedef 56.4+18.24 abede  82.8+12.03 a 71.4+15.42 abed
honey
CK A. craccivora  10.0f 20.0ef 36.4+8.05 bedef 60.4+19.55 abecd  81.8+26.35 a 76.6+25.24 ab
=+ Turkey P=0.05

Data are presented as mean + SD, and followed by different lower-case letters indicate significant difference at 0.05 level
analysed by Turkey's new repolarization method.
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Fig. 1 Predatory function curve of Harmonia
axyridis on different foods to bean aphids

I/Ny  1/N,

r roor =0.917

D1
8.84
P0'05:11.07

D2 D3 D4 CK
854 7779 9.77 9.38

Person

aTy

aTy CK
154.32 D3

160.66 D4

124.89
CK 107.70 D4
101.81 D3 78.64

*2 TRLEMHEHPHEINERNF RN EUHNHERER N

Table 2 Predation functional response of Harmonia axyridis on different foods to bean aphids

Parameter
/
Different treatments r a T, a/T,
f fi . . .
of food Holling equation Related Instantaneous Treatment Instantancous Theor.eucal
.. . attack rate/ daily
coefficient  attack rate time ;
Treatment maximum
time predation
D1 Fresh eggs N,=1.606 1 No/(1+0.018 2 Ny)  0.984 5 1.606 1 0.0113 141.66 88.20
b2 . N,=1.446 2 No/(1+0.014 8N,)  0.9812 1.446 2 0.0102 141.34 97.73
UV-killed eggs
D3 Frozen eggs N,=1.588 1 Ny/(1+0.020 2N,)  0.9859 1.588 1 0.012 7 124.89 78.64
D4 . N,=1.515 7 No/(1+0.014 9 Ny)  0.972 6 1.5157 0.009 8 154.32 101.81
Frozen eggs with honey
CK A. craccivora N,=1.491 7 No/(1+0.0139 Ny)  0.983 6 1.4917 0.009 3 160.66 107.70
22 REINHAMEHNIREK
2007
Holling
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Table 3 The relationship between searching efficiency of Harmonia axyridis on
different foods and the bean aphids density

/ Densities of aphids(number/box)

Different treatments of food 10 20 40 80 160 250
D1 Fresh eggs 1.358 7 1.177 3 0.929 2 0.653 7 0.4104 0.2893
D2 . 1.259 8 1.1159 0.908 5 0.662 2 0.429 4 0.307 7
UV-killed eggs
D3 Frozen eggs 1.3213 1.1312 0.878 5 0.607 2 0.3753 0.262 6
D4

. 1.3193 1.1679 0.9500 0.691 8 0.448 2 0.3210
Frozen eggs with honey
CK A. craccivora 1.3102 1.168 1 0.9599 0.707 6 0.463 8 0.3343
- — - R 30.40
23 REefldxEFRsESRBEER
30.27
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Table 4 The new Holling functional response model and prediction of best searching densities

Different treatments of food Equation Related ) Maximum 2 b
coefficient predation Optlr&l;;rslits;arch

DI Fresh eggs N,=77.572 Ixexp( 26.187 8/N) 0.9912 77.57 26.19

D2 UV-killed eggs N,=83.671 5xexp( 30.401 5/N,) 0.9824 83.67 30.40

D3 Frozen eggs N,=69.629 2xexp( 23.877 6/N,) 0.992 2 69.63 23.88

D4 N,=87.261 5xexp( 30.269 1/N.) 09750 87.26 30.27

Frozen eggs with honey
CK A. craccivora N,=91.410 5xexp( 31.885 3/N,) 0.9857 91.41 31.89
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