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Modeling and Validation of Population Dynamics of the American Serpentine
Leafminer (Liriomyza trifolii ) Using Leaf Surface Temperatures of

Greenhouses Cherry Tomatoes

Jung-Joon Park, Hyoung-ho Mo', Doo-Hyung Lee?, Key-II Shin® and Kijong Cho**
Department of Applied Biology, Gyeongsang National University, Jinju 660-701, Korea
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ABSTRACT: Population dynamics of the American serpentine leafminer, Liriomyza trifolii (Burgess), were observed and modeled in
order to compare the effects of air and tomato leaf temperatures inside a greenhouse using DYMEX model builder and simulator
(pre-programed module based simulation programs developed by CSIRO, Australia). The DYMEX model simulator consisted of a
series of modules with the parameters of temperature dependent development and oviposition models of L. #ifolii were incorporated
from pre-published data. Leaf surface temperatures of cherry tomato leaves (cv. ‘Koko’) were monitored according to three tomato plant
positions (top, > 1.8 m above the ground level; middle, 0.9 - 1.2 m; bottom, 0.3 - 0.5 m) using an infrared temperature gun. Air
temperature was monitored at the same three positions using a self-contained temperature logger. Data sets for the observed air
temperature and average leaf surface temperatures were collected (top and bottom surfaces), and incorporated into the DYMEX
simulator in order to compare the effects of air and leaf surface temperature on the population dynamics of L. #ifolii. The initial
population consisted of 50 eggs, which were laid by five female L. #ifolii in early June. The number of L. trifolii larvae was counted by
visual inspection of the tomato plants in order to verify the performance of DYMEX simulation. The egg, pupa, and adult stage of L.
trifolii could not be counted due to its infeasible of visual inspection. A significant positive correlation between the observed and the
predicted numbers of larvae was found when the leaf surface temperatures were incorporated into the DYMEX simulation (» = 0.97, p
< 0.01), but no significant positive correlation was observed with air temperatures(r = 0.40, p = 0.18). This study demonstrated that the
population dynamics of L. trifolii was affected greatly by the leaf temperatures, though to little discernible degree by the air temperatures,
and thus the leaf surface temperature should be for a consideration in the management of L. trifolii within cherry tomato greenhouses.
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‘ N Top position (> 1.8 m)
- Adults, and eggs used temperature
__@ of top position
Temp. - DEL
[Teme. - 08 ()
& . Middle position (0.9 - 1.2 m)
‘ Adults | ‘ Larvae | - Larvae used temperature of middle
~ ’ position
¥y 9
Temp. - DEL —@
” | Bottom position (0.3 - 0.5 m)
- Pupae used temperature of bottom
Pupas position
Temp. - DEL HH(S)

Fig.1. Schematic diagram illustrating the population simulation
modules and three plant positions for Liriomyza trifoliiin cherry
tomato greenhouse. S: survival rate. Temp.-DEL: temperature
dependent development model. Temp. - OVP: temperature dependent
oviposition model. Temp. - LON: temperature dependent longe-
vity model.
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Table 1. Estimated parameters of temperature dependent models of Liriomyza trifoliiimmature for DYMEX simulation

Mortality (%) a (SE)

2 2
Models Stage ( SE! ) R 0_4) m (SE) r Data
Zoebisch et al.(1992)
Mortality and temperature Eggs 21.3 (2.65) 0.79 (0.23) 0.96 (0.10) 0.95 Parrella (1998)
dependent developmental rate .
. Zoebisch et al.(1992)
(Equation 1) Larvae 51.1 (5.56) 0.53 (0.18) 1.04 (0.16) 0.95 RDA (2002)
R(D) =aT(T- T)(T,— D™ Pupae 10.5(1.93) 0.60 (0.09) 1.69 (0.16) 0.98 Minkenberg (1988)
Total 82.9 (12.21) 0.21 (0.03) 1.27 (0.27) 0.94 Data pooled
Stage « (SE) [ (SE) I Data
Completion of development  Eggs to larvae 0.94 (0.03) 4.63 (1.18) 09y  Zocbischeral(1992)
(Equation 3) Parrella (1998)
Zoebisch et al.(1992)
Larvae to pupae 0.87 (0.05 2.08 (0.35 0.94
Fla) =1—exp|— H) o (009 033 RDA (2002)
@ Pupae to adults 1.01 (0.08) 10.98 (1.62) 0.92 Minkenberg (1988)
Eggs to adults 0.96 (0.07) 4.13 (1.86) 0.92 Data Pooled

'Standard Error of Mean.
The origin sources of data. All of data for estimated parameters in this study were regenerated by pre-published models and pooled.

Table 2. Estimated parameters of temperature dependent models and sex ratio of adult Liriomyza trifoliifor DYMEX simulation

a (SEYH ) 2
Model a 0_9) m (SE) r Data
Temperature dependent longevity rate .
. Leibee (1984)
(Equation 1)
6.01 (4.34) 0.24 (0.03) 0.72 Parrella (1987)
R = a7~ T)(T, — 7y/m Minkenberg (1988)
Model 4 6(SE) £(SE) 6 (SE) ” Data
Temperature dependent fecundity
(Equation 2) Leibee (1984)
9.1 13.65(0.22) 5.47 (1.73) 748.8 (60.47) 0.82 Parrella (1987)
et — ¢ Minkenb 1988
yng(—T&V) exp(* [—Ttﬂ} )e inkenberg (1988)
Model « (SE) B (SE) % Data
Survival rate and Survival rate 0.64 (0.03) - 1.86 (0.16) 0.97
cumulatge O\t/}pos;tlon rate Leibee (1984)
(Equation 3) Cumulative Parrella (1987)
21\ oviposition rate 0.85(0.05) 1.40 (0.18) 0.9 Minkenberg (1988)
Flz)= lfexp(f [ED

'Standard Error of Mean.
*The origin sources of data. All of data for estimated parameters in this study were regenerated by pre-published models and pooled.
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Fig. 2. Daily maximum air (A) and leaf surface temperature (B)
fluctuations in cherry tomato grown in greenhouses from June 1
to August 31 at Asan city, Korea in 2010. A horizontal solid line in
graphic panel A indicates the maximum development
temperature (37°C) for Liriomyza trifolii. Top position is > 1.8 m,
middle position is 0.9 - 1.2 m, and bottom position is 0.3 - 0.5 m
height from the ground level, respectively.
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Leafminer mean density/Trap

0.1 4

0.0

T T T T T T T T
5-May 12-May 20-May 28-May 5-Jun 13-Jun 20-Jun 27-Jun
Date

Fig. 3. A change of Liriomyza trifolii adult numbers (mean + SE)
caught on yellow sticky traps (size: 9.6 cm x 14.0 cm).
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Fig. 4. Comparison of DYMEX simulation of Liriomyza trifoliiaverage numbers per plant stratum between model employment of air (solid
line) and leaf surface temperatures (dashed line). Eggs and adults are from the top plant stratum (> 1.8 m height from ground level), larvae
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