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Abstract

Olive fruit fly Bactrocera oleae (Rossi) (Dip: Tephritidae), is one of the most important and main pests
that attack olives all around the world, especially in Mediterranean countries, seriously reduces olive
production, and in some successful years due to the favorable weather conditions, they cause high eco-
nomic damage to olives. This pest typically reduces the measurable quantity and superior quality of
canned olives as well as olive oil after attacking olive fruits. In this study, the desired effect of specific
temperatures was studied as the most important environmental factor undoubtedly affecting the contin-
uous growth of olive fruit flies. Development time of incubation period, Egg and larval, pupal stage, as
well as total immature stages of the olive fruit fly were recorded in temperatures ranging 10-30°C, 60-
70% RH, and a photoperiod of (L:D) 16:8h. Based on the ANOV A, the specific temperature along the
growth period inevitably affected significantly developmental time of the olive fruit fly at 5% proba-
bility level and the increase in temperature allegedly followed a decrease in developmental time. De-
gree-Day and Ikemoto linear models were used to describe temperature-dependent development of the
olive fruit fly. Based on the obtained results in Siahpoush, Qushchi and Kallaj, the heat requirements
of embryonic developmental stages of eggs were obtained 63.45, 71.28 and 63.68 days-degrees, for the
egg+ larvae stage were 209.18, 215.83 and 159.68 days-degrees, pupae stage were obtained 159.44,
183.15 and 175.55 days-degrees and the total immature stages were 348.51, 396.94 and 338.40 days-
degrees respectively, using Ikemoto model. In completed addition, the practical values of low threshold
temperature of growth temperature were estimated using Ikemoto linear model to be for the points
mentioned for embryonic developmental stages of eggs were 6.67, 6.33 and 6.71°C, for the egg + larvae
stage, 8.04, 6.96 and 9.43°C, The pupae stage 9.72, 9.35 and 9.45°C and the total immature stages were
9.31, 8.41 and 9.39°C, respectively.
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Table 1. Linear models for fitting to development rate of olive fruit fly Bacterocera oleae as a function
of temperature

Model Equation Reference
Degree- Day linear model D(T) =K/ (T-tin) (Campbell et al., 1974)
Ikemoto linear model DT =K + tyi, D (Ikemoto and Takai 2000)
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Table 2. Developmental times (day) of immature stages of olive fruit fly Bacterocera oleae at nine constant temperatures.

ol bes & > Bacterocera oleae & 53 o gur S0 mrc Jl e saisdiy ey Jsb ¥ —d e

Geographical Temperature Egg Egg+ Larva Pupa Total Immature Stages
population (°C) No Mean + SE No Mean + SE No Mean + SE No Mean + SE
10 229 16.83+0.12 aA - - - - - -
12 156 13.3540.12 bA 24 65.12+0.42aA 24 68.83+0.23aB 10 133.03+0.25aA
15 303 8.09 +0.1 cB 295 25.43+0.16bB 287 30.46+0.15bC 199 55.92+0.17bB
17 377 6.01 +0.06 dC 438 20.62+0.08cB 429 21.59+0.04¢cC 317 41.79+0.09¢cC
20 563 4.324+0.04 B 574 18.02+0.06dA 574 16.93+0.08dC 469 35.06+0.07dB
Siahpoush 24 400 3.84+0.02 fA 253 15.14+0.09¢A 253 10.2940.05¢C 234 25.29+0.09¢A
26 386 3.39+0.03 gA 573 12.62+0.07fA 573 11.13+£0.03fC 542 23.81+0.08¢fB
28 428 3.19+£0.05 gA 478 12.27+0.06fB 478 12.2940.05gA 441 24.57+ 0.09fC
30 410 3.13+0.02 gA 5 13.02+£0.21fA - - - -
F - 4495.97 - 4690.06 - 25898.3 - 16443.3
df - 8.3243 - 7.2632 - 6.2611 - 6.2205
P - <0.0001 - <0.0001 - <0.0001 - <0.0001
10 293 16.33+0.1aB - - - - - -
12 192 13.15+0.12bAB 48 43.17+0.22aC 48 68.71+0.18aB 17 111.65+0.59aB
15 343 9.01£0.08cA 335 26.29+0.14bA 319 31.2540.18bA 232 58.05+0.17bA
17 292 7.51£0.06dA 480 21.32+0.08cA 470 24.33+0.08cA 374 45.74+0.12cA
20 449 5.47+0.09¢A 468 17.11£0.06dB 467 18.42+0.04dA 394 35.53+0.08dA
Qushchi 24 461 3.39+0.03B 496 12.59+0.09¢B 496 11.7440.05¢B 354 24.42+0.12¢B
26 509 3.35+0.04fgA 599 11.82+0.06fB 599 11.57+0.02¢B 502 23.43+0.07fC
28 358 3.18+0.04fgA 356 14.71£0.06fA 354 10.27+0.03fC 243 25.13+0.07¢B
30 421 3.09+0.03gA 9 13.89+0.2eA - - - -
F - 5257.15 - 4452.46 - 50990.5 - 18266.3
df - 3309 8, - 7.2782 - 6.2746 - 6.21.6
P - <0.0001 - <0.0001 - <0.0001 - <0.0001
10 214 16.61+0.12aAB - - - - - -
12 183 12.93+0.1bB 47 63.74+0.3aB 27 71.26+0.16aA 13 132.85+0.5aA
15 381 7.81£0.06¢cC 343 25.58+.12bB 339 31.24+0.09bB 26 55.92+0.31bB
17 361 6.58+0.07dB 501 20.42+0.05cB 477 22.45+0.03cB 414 42.86+0.05cB
Kallaj 20 464 5.61+£0.07¢A 470 15.93+0.07dC 440 17.95+0.04dB 379 33.91+0.07dC
24 484 3.01+0.04fC 363 11.59£0.06eC 337 12.3240.05¢A 299 23.86+0.1fC
26 508 2.75+0.04fgB 12.76+0.99fgA 422 12.81+0.08fA 372 25.58+0.12eA
28 429 2.89+0.03fgB 14.82+0.06deA 373 10.88+0.04¢B 294 25.56+0.1eA
30 438 2.62+0.03gB 13.50+0.29¢fA - -
F - 5070.07 - 7782.38 - 29089.3 - 14960.2
df - 8.3453 - 7.2559 - 6.2409 - 6.1790
P - <0.0001 - <0.0001 - <0.0001 - <0.0001
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Means with different letters (capital letters) in each column (in each population) have significant differences (Tukey test, P <0.05). In addition, the means with different letters (lower
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Table 3. Low-temperature threshold (#min) and thermal constant (K) of different immature stages of olive fruit fly B. oleae estimated using two linear models

Geographical popula-

tion Developmental Stage Model Linear model © tin (C) K(DD) R gy P-value
Egg Degree - Day DR =0.0157T - 0.104 6.60 63.77 0.98 0.97 0.0002
Ikemoto DT = 6.674D — 63.45 6.67 63.45 0.97 0.96 0.00004
Siahpoush Egg+ Larva Degree - Day DR =0.0038T — 0.022 5.76 263.35 0.95 0.94 0.005
P Ikemoto DT = 8.044D —209.19 8.04 209.18 0.96 0.95 0.0004
Pupa Degree - Day DR =0.0067T —0.068 10.13 149.56 0.98 0.97 0.001
Ikemoto DT =9.721D - 159.44 9.72 159.44 100 100 0.000001
Total Immature Stages Degree - Day DR =0.0026T — 0.022 8.45 389.73 0.98 0.98 0.0008
Ikemoto DT =9.316D — 348.51 9.31 348.51 0.99 0.99 0.000007
Egg Degree - Day DR =0.01611T—-0.12 7.46 62.02 0.96 0.95 0.009
Ikemoto DT =6.327D —71.283 6.33 71.28 0.96 0.95 0.0006
Egg+ Larva Degree - Day DR =0.0046T — 0.032 6.88 217.59 100 100 0.00006
Qushehi Tkemoto DT =6.962D — 215.83 6.96 215.83 100 100 0.000003
Pupa Degree - Day DR =0.0057T — 0.055 9.68 174.70 0.99 0.98 0.0006
Ikemoto DT =9.353D - 183.14 9.35 183.15 100 100 0.000001
Total Immature Stages Degree - Day DR =0.0025T - 0.021 8.24 404.14 0.99 0.99 0.00002
Ikemoto DT = 8.41D —396.94 8.41 396.94 100 100 0.00000009
Egg Degree - Day DR =0.0181T-0.014 7.80 55.17 0.98 0.98 0.0002
Ikemoto DT =6.71D — 63.683 6.71 63.68 0.97 0.96 .0003
Kallai Egg+ Larva Degree - Day DR =0.0057T — 0.049 8.70 176.1 0.99 0.99 0.0004
allaj
Ikemoto DT =9.429D — 159.68 9.43 159.68 0.99 0.99 0.000003
Pupa Degree - Day DR =0.0055T - 0.051 9.25 183.47 0.99 0.99 0.0002
Ikemoto DT =9.479D - 177.55 9.45 177.55 100 100 0.0000005
Total Immature Stages Degree - Day DR =0.0028T — 0.025 8.94 360.36 0.99 0.99 0.0002
Ikemoto DT =9.3999D — 338.4 9.39 338.40 100 100 0.000001

DR = Developmental rate; D = Developmental time; T = Temperature
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Fig. 1. Fitting Degree- Day linear model based on the observed values of developmental rates (1/d) for
total immature stages of olive fruit fly B. oleae.
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Fig. 2. Fitting Ikemoto linear model based on the observed values of total immature stages develop-
mental times of olive fruit fly B. oleae
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