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Table 1. Mean + SE developmental period of different stages (in days) of Hippodamia variegata feeding on
pomegranate green aphid (Aphis punicae) at different temperatures in studied temperatures.

Immature stage Temperature (°C)
17.5 20 225 25 275 30
Egg (Incubation 6.73+0.49a 4.77+0.36b 4.524+0.26b 3.22+0.22¢ 2.58+0.3¢ 2.36+0.08¢c
Period) N=200 N=200 N=200 N=200 N=200 N=200
1% larval instar 4.49+0.25a 3.4+0.03b 2.87+0.03c 1.7+0.009e 1.86+0.12de 2.15+0.21d
N=60 N=60 N=60 N=58 N=60 N=60
2™ Jarval instar 4.43+0.27a 2.7+0.08b 2.16+0.02bc 1.38+0.12d 1.68+0.05cd  2.26+0.29bc
N=52 N=58 N=45 N=50 N=59 N=41
31 Larval instar 4.43+£0.42a 2.3240.17¢ 2.17+0.24¢ 1.57+0.12¢ 1.69+0.17¢ 3.31+0.28b
N=42 N=56 N=50 N=46 N=57 N=35
4™ larval instar 10.99+1.18a  2.97+0.15bc 2.4240.04bc 2.104+1.2bc 1.7+0.149¢ 3.61+0.10b
) N=31 N=55 N=47 N=44 N =54 N=33
Prepupal period 3.3740.22a 1.78+0.40c 2.45+0.12b 1.28+0.12cd 0.61+0.03e  0.78+0.05de
N=31 N=54 N=47 N=41 N=54 N=32
Pupal period 11.54+0.58a 5.8+0.5 2.69+0.06c 2.2240.10c 2.45+0.1¢ 2.5240.07¢
N=30 N=54 N=47 N=41 N=54 N=31
Larval period 2436+1.319a  11.39+0.08b 9.62+0.21b 6.77+0.10c 6.94£0.10c  11.34+0.65b
Total immature 46.01+1.54a  23.77+0.31b 19.2940.23¢ 13.51+0.30e 12,59+0.28de  17.01+0.73d
stages

LSS b gl gme D1 70 N b3 35037 el edizs lie o > (glyls Caysy &S5 s oS (golue!

Means within a row and in the same stage followed by the same lowercase letter (a, b, ¢, d) are not significantly different (Duncan's test, P <0.05).

Aphis U\ 5w gaci 3 audss U Hippodamia variegata &S 30 iiS Ai y Calides J=pe s dfja Ao 3 =Y Jgds

sy 290 Sles ys punicae
Table 2. Mortality (%) of different stages of Hippodamia variegata feeding on pomegranate green aphid (Aphis
punicae) at different temperatures.

Temperature (°C
Immature stage p €O

17.5 20 22.5 25 27.5 30
Egg 18a 10bc 5c 5c 3c 12ab
1 *larval instar 5.8ab 0b 4.3ab 15a 1.6ab 9.16ab
2 " larval instar 11ab 0b 18ab 9.7ab 3.5b 32.77a
3 " larval instar 22a 4.4a 12.5a 3.5a 5.8a 18.8a
4 ™ larval instar 3.7a 4.4a 0a 0a 0a 6.27a
Prepupa Oa 2.5a Oa Oa Oa 5.5a
Pupa 2.7a Oa Oa Oa Oa 3.3a

A S uSS b (gl e s 70 Jlz| b s G sa3T alal p Llods adeiie alie Cog o b sy S5 s o7 (ool

Means within a row and in the same stage followed by the same lowercase letter (a, b, ¢, d) are not significantly different (Duncan's test, P < 0.05).
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Table 3. Statistical parameters and thermal indices of temperature-dependent development of the Hippodamia

variegata immature stages by using common and Ikemoto and Takai linear models.

Thermal

Model Immature stages Regression equation requirement (DD) tmin °C R?

Egg (Incubation Period) y =0.0228x - 0.2591 43.29 11.36 0.97

§ 1 ¥ larval instar y =0.0367x - 0.4293 27.25 11.7 0.85
g 2™ larval instar y =0.0436x - 0.5062 22.94 11.61 0.79
'i 3™ Jarval instar y =0.0374x - 0.3729 26.74 9.97 0.84
g 4™ Jarval instar y = 0.0449x - 0.6288 22.27 14.00 0.92
g Pupal period y =0.0367x - 0.5296 27.25 12.83 0.83
O Larval period y =0.0106x - 0.1343 94.34 12.67 0.91
Total immature stages y =0.0059x - 0.0787 169.49 13.34 0.97

— Egg (Incubation Period) y=11.341x+44.68 44.68 11.14 0.95
%’ 1 ¥ larval instar y=12.012x+26.619 26.61 12.01 0.94
= 2" larval instar y=12.952x+20.188 20.18 12.95 0.96
:% 3™ larval instar y=12.579x+21.096 21.09 12.57 0.96
S 4™ larval instar y=15.793x+17.171 17.17 15.79 0.99
g Pupal period y=15.522x+23.611 23.61 15.52 0.99
é’ Larval period y=14.132x+79.212 79.21 14.13 0.99
Total immature stages y=13.992x+157.341 157.34 13.99 0.99
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Fig. 1. Relationship between temperature and developmental rate of different stages of Hippodamia variegata:

(Campbel et al., 1974 method).
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Abstract

Characteristics such as lower developmental time, higher fertility and a large body size of natural enemies
as biological control agents are important for mass rearing. Hippodamia variegate (Goeze) (Col.: Coccinellidae)
is one of the major predators of pests in the gardens of Iran. The effect of six constant temperatures, 17.5, 20,
22.5, 25, 27.5 and 30 (1) °C were investigated on the development of the predator by feeding on the
pomegranate green aphid Aphis punicae (Hem.: Aphididae) in growth chamber at 65+5 %RH and 16L: 8D h

conditions. The results showed that there were significant differences among developmental times of the studied

coccinellid in examined temperatures. The developmental time of H. variegata were 46.01£ 1.541, 23.77 =

0.311, 16.02 £ 0.16, 11.66 & 0.12, 10.45 + 0.20 and 13.35 & 0.33 days on above mentioned temperatures,
respectively. Developmental rate of predatory coccinellid increased linearly in relation to temperature to 27.5 °C.
The lowest mortality was observed at 20 and 27.5°C among the above mentioned temperatures. Two
mathematical models, including common and Ikemoto and Takai linear models, were used to describe
temperature-dependent development of the H. variegata. Based on the statistical criteria, whereas the common
linear model had shown an acceptable fit to data, Ikemoto and Takai linear model estimated thermal indices
more precisely than common linear model. Estimated values for lower temperature threshold for incubation
period, total larval period, pupal period and overall immature stages of the H. variegata were 11.15, 14.13, 15.52
and 13.99 °C, respectively, and the values of the thermal requirement for the aforementioned developmental
stages were 44.69, 79.22, 23.62 and 157.34 degree-days, respectively, by using Ikemoto and Takai linear model.
Moreover, mathematical models for description of temperature-dependent development of the coccinellid
developmental stages were presented. The results showed that optimum temperature was 25 to 27.5°C for the
rearing of the lady beetle.
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