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ABSTRACT

This study was conducted to examine the environmental factors that induce
the switch from parthenogenetic reproduction to sexual reproduction and to
construct a forecasting model for the occurrence time of sexual morphs in
holocyclic cotton aphid Aphis gossypiilHemiptera: Aphididae).

The effects of photoperiod and temperature were unequivocally demonstrated
to have a direct influence on the production of sexual morphs in holocyclic A.
gossypii. Above 217C, all the photoperiod treatements could not induce the
production of sexuals. Under the photoperiod of 12.0~12.5h, lower temperature
induced higher production ratio of gynopara and male. Also, under 15~187TC,
shorter photoperiod induced higher production ratio of gynopara and male. In
the treatement of 13 h of photoperiod, any sexuals were not induced
regardless of temperature. It was demonstrated that the critical day length
required to induce sexual morph production varies depending on temperature.
In this study, a 3C rise in temperature decreased by about 21 minutes in the
critical day length. The production of male was occurred after the middle of
the reproductive sequence of subsexupara.

Two forecasting models (Advance model and 50% model) for the occurrence
time of sexual morphs were developed using the results of experiment in
relation to photoperiod and temperature. The forecasting models were
simulated to predict the occurrence time of sexual morphs, and then, for
validation of the models, model outputs were compared to the actual male
occurrence serveyed in 5 sites from Oct. 2014 to Dec. 2014. As a result of
validation, the model of advance mode showed statistically better performance
than that of 5096 mode. Until more improved model is developed, the present
model should be useful for understanding the population dynamic of holocyclic

A. gossypii in late season.
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Fig. 3. Aphis gossypii Glover. (A) vivipara, (B: male, (C: ovipara, (D) and

(E) hind tibia of ovipara and vivipara.
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Table 1. The effect of temperature and photoperiod on the production of gynopara and male.

. Gynopara Male
produced produced
21 504 0 0 0 0 0
13 18 532 0 0 0 0 0
15 421 0 0 0 0 0
21 510 0 0 0 0 0
12.5 18 541 0 0 0 0 0
15 289 61 21.1 20 6.9 28
21 377 0 0 0 0 0
12.2 18 407 44 10.8 55 13.5 24.3
15 297 150 50.5 78 26.3 76.8
21 393 0 0 0 0 0
12 18 498 256 5l.4 79 15.9 67.3
15 312 196 62.8 110 35.3 98.1

! Gy = gynopara produced by (1
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Table 2. Period(days) until the first birth of male produced by subsexupara’.

Subsexupara Temperature (C)

examined 15T 18T

1 7 7

2 3 3

3 7 7

4 6 3

5 6 3

6 7 6

7 8 9

3 7 6

9 6 6

10 7 7
Mean 7.05 7.2

! Subsexupara: mother of gynopara and male.
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Table 3. The number of male caught in the yellow water trap at 5 sites.

Date Julian Height (m)

date 50 200 370 550 700
2014. 10. 09 282 0 0 0 0 0
2014. 10. 16 289 0 1 1 1 2
2014. 10. 23 296 1 0 2 0 1
2014. 10. 30 303 1 0 1 2 0
2014. 11. 06 310 0 2 1 0 0
2014. 11. 13 317 4 2 2 0 0
2014. 11. 20 324 4 6 4 1 1
2014. 11. 27 331 2 3 7 18 0
2014. 12. 04 338 21 3 1 1 0
2014. 12. 11 345 10 0 0 1 0
2014. 12. 18 352 2 0 0 0 0
2014. 12. 25 359 0 0 0 0 0
2015. 01. 01 366 0 0 0 0 0
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Table 4. Monthly mean temperature (C) from September 1 to December 31

at b experimental sites.

Height (m)
Month
50 200 370 550 700
9 22.6 21.8 20.4 19.1 18.1
10 18.1 17.0 154 14.1 13.1
11 12.8 114 9.8 85 76
12 6.1 4.4 2.6 1.1 0.0
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Table 5. Julian dates for the occurrence of each aphid morph predicted by

advance mode model.

Height (m)
Morph State
50 200 370 550 700
Birth 273 262 261 260 260
Subsexupara
Adult 281 269 269 269 270
Birth 281 269 269 269 270
Gynopara
Adult 290 276 278 279 283
Birth 288 276 276 276 277
Male
Adult 298 285 287 289 294
Ovipara Birth 290 276 278 279 283
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Table 6. Julian dates for the occurrence of each aphid morph predicted by
50% mode model.

Height (m)

Morph State
50 200 370 550 700
Birth 276 273 273 262 262

Subsexupara
Adult 284 282 283 271 272
Birth 284 282 283 271 272
Gynopara
Adult 293 292 295 282 285
Birth 291 289 290 278 279
Male

Adult 301 301 304 293 295
Ovipara Birth 293 292 295 282 285
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Table 7. Field wvalidation statistic for the accuracy of model prediction

between advance and 50% mode models.

Height (m)
Output x2 RSS r
50 200 370 550 700
Field 296 289 289 289 289 - - -

AD Modell 298 285 287 289 294 0.17" 49 0.78™
50% Model 301 301 304 293 295 1.98™ 446 0.27"

* not significant.

" Significantly different at P = 0.01 by Chi-square test; "
RSS : Residual sum of square.

r . Pearson correlation coefficient between model output and observed data.
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