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Abstract. Population dynamics of greenhouse whitefly, Trialeurodes vaporariorum (Westwood), were modeled
and simulated to compare the temperature effects of air and tomato leaf inside greenhouse using DYMEX
model simulator (pre-programed module based simulation program developed by CSIRO, Australia). The
DYMEX model simulator consisted of temperature dependent development and oviposition modules. The
normalized cumulative frequency distributions of the developmental period for immature and oviposition
frequency rate and survival rate for adult of greenhouse whitefly were fitted to two-parameter Weibull function.
Leaf temperature on reversed side of cherry tomato leafs (Lycopersicon esculentum cv. Koko) was monitored
according to three tomato plant positions (top, > 1.6 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 same three positions using
a Hobo self-contained temperature logger. The leaf temperatures from three plant positions were described
as a function of the air temperatures with 3-parameter exponential and sigmoidal models. Data sets of observed
air temperature and predicted leaf temperatures were prepared, and incorporated into the DYMEX simulator
to compare the effects of air and leaf temperature on population dynamics of greenhouse whitefly. The number
of greenhouse whitefly immatures was counted by visual inspection in three tomato plant positions to verify
the performance of DYMEX simulation in cherry tomato greenhouse where air and leaf temperatures were
monitored. The egg stage of greenhouse whitefly was not counted due to its small size. A significant positive
correlation between the observed and the predicted numbers of immature and adults were found when the
leaf temperatures were incorporated into DYMEX simulation, but no significant correlation was observed
with the air temperatures. This study demonstrated that the population dynamics of greenhouse whitefly was
affected greatly by the leaf temperatures, rather than air temperatures, and thus the leaf surface temperature
should be considered for management of greenhouse whitefly in cherry tomato grown in greenhouses.

Additional key words: adult oviposition model, Aleyrodidae, DYMEX simulation, greenhouse microclimate
temperature, population phenology model, temperature dependent development model
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Top position (> 1.6 m)
- Adults, eggs, and 1 - 2 instars used
temperature of top position

Middle position (0.9 - 1.2 m)

- 3 - 4 instars used temperature of
middle position

Bottom position (0.3 - 0.5 m)

- Pupae used temperature of bottom
position

{— Temp. - OVP
| Temp. - LON

Adults
N

Fig. 1. Schematic diagram illustrating the population simulation modules and three plant positions for Trialeurodes vaporariorum
in cherry tomato greenhouse. S, survival rate; Temp.-DEL, temperature dependent development model; Temp. - OVP, temperature
dependent oviposition model; Temp. - LON, temperature dependent longevity model.
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Table 1. Modeling a relationship between air and leaf temperature and its model parameters at various time frames in cherry

tomato grown in greenhouses.

3-parameter exponential model”

Time frame Cherry tomato plant position” a b c &
_ Top -419512.69 419540.14 0.47 0.76
(E_S;'?’Og)“’m'”g Middle -62975.03 63003.12 0.38 0.78
Bottom -18817.49 18846.15 0.33 0.77
_ Top -143.87 178.04 0.11 0.49
Mgfgg‘g_ 11:00) Middle -4909.68 4942.22 0.22 0.55
Bottom -2686.76 2718.84 0.20 0.54
Top -6986.17 7015.50 0.27 0.85
g‘g%rg 8”1”7825) Middle -3775.67 3805.63 0.24 0.87
Bottom -7808.37 7837.66 0.28 0.82

3-parameter sigmoidal model*

Time frame Cherry tomato plant position a Jei y I
Top 35.23 3.46 27.80 0.49
E‘ﬁf‘go"‘_’ﬂ”szso) Middle 35.21 3.65 27.27 0.50
Bottom 34.45 3.24 26.41 0.33
Top 36.94 5.84 26.44 0.52
affg%“_’ﬂ 6:00) Middle 35.75 4.35 27.92 0.54
Bottom 38.01 4.90 28.48 0.52

*T,,; =a+b(1—exp(—cT,.)), where Tier is a tomato leaf temperature and T, is an air temperature, respectively. Parameters a,

air

b, and ¢ were estimated by nonlinear regression fitting.

'Top: > 1.6 m; Middle: 0.9-1.2 m; Bottom: 0.3-0.5 m above the ground level height in cherry tomato plant, respectively.

X];Mf =a/(1+exp(— (T,

air

a, B, and y were estimated by nonlinear regression fitting.

—3)/7)), where T is a tomato leaf temperature and T, is an air temperature, respectively. Parameters
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Table 3. Estimated parameters of temperature-dependent developmental model of adult of Trialeurodes vaporariorum in cherry
tomato grown in greenhouses for DYMEX simulation.

Temperature-dependent longevity, fecundity, and oviposition frequency”

Parameters y 5 (SEY) e (SE) 6 (SE) 7
Longevity 75 12.53 (0.25) 1.17 (0.03) 539.68 ( 13.12) 0.98
Fecundity 75 13.01 (0.63) 3.48 (0.47) 8695.64 (329.12) 0.93
Oviposition frequency 7.5 18.20 (0.07) 2.24 (0.02) 108.43 ( 0.75) 0.99

Temperature-dependent longevity rate®

a (SE) (x10™) = 1.34 (0.13); m (SE) = 4.53 (0.90); r* = 0.83

Age specific survival rate and cumulative oviposition rate”

a (SE) 3 (SE) I
Age specific survival rate 0.946 (0.012) - 8.813 (1.127) 0.97
Age specific cumulative oviposition rate 1.089 (0.019) 2.320 (0.137) 0.99
v e—1 v €
(D= %(%) exp|— [%} )9, where T is temperature (C) and v is fixed lower lethal temperature (7.5C), respectively.

Parameters &, ¢ and @ were estimated by nonlinear regression fitting.
YStandard Error of Mean.

0 =1
XR(])—{M(T— TNT,—DV"™ 1y < T< T,, where T is temperature (C), T, is minimum developmental temperature (8.3C), and
0 T> T,

T, is maximum developmental temperature (35C), respectively. Parameters a and m were estimated by nonlinear regression fitting.

]
YF(z)=1—exp|— [%} ) where x is physiological age. Parameters a and (3 were estimated by nonlinear regression fitting.

a

2y

tlo

ARESH, Al o Sl =8 AEAIA AAeE TP 2ARE & Hstl o

il

AR BE 37 0 Y

Table 2. Estimated parameters of temperature-dependent developmental model of immature of Trialeurodes vaporariorum in cherry
tomato grown in greenhouses for DYMEX simulation.

0 T< T,
Stage specific developmental rate (equation 1%), R(7)={aT(T— (T, — T)V/" T, < T< T,

0 T>T,

Parameters Eggs 1-2 instars 3-4 instars Pupae Total
Y
fx (?5.4)) 1.44 (0.26) 1.03 (0.34) 0.23 (0.10) 0.90 (0.38) 0.13 (0.03)
m (SE) 2.30 (0.49) 1.50 (0.35) 0.85 (0.13) 1.02 (0.19) 1.04 (0.13)
I 0.99 0.97 0.97 0.96 0.98
Optimum 29.60 27.47 23.89 25.13 25.27
temperature (C)
Stage specific
mortality (%) (SE) 27.8 (1.65) 18.6 (1.15) 12.2 (7.15) 9.5 (1.43) 68.1 (2.21)
.18
Stage specific distribution of completion of development (equation 4"), F(z)=1—exp|— {%] )

Parameters  Eggs — 1-2 instars 1-2 — 3-4 instars  3-4 instars — Pupae Pupae — Adults Eggs — Adults
a (SE) 0.96 (0.02) 0.90 (0.01) 1.02 (0.02) 0.91 (0.01) 1.00 (0.01)
B (SE) 8.80 (1.95) 4.10 (0.30) 4.39 (0.49) 4.13 (0.36) 12.59 (1.11)
g 0.95 0.99 0.96 0.99 0.97

*Where T is temperature(C), T, is minimum developmental temperature (8.3C), and T, is maximum developmental temperature
(357C), respectively. Parameters a and m were estimated by nonlinear regression fitting.
YStandard Error of Mean.

/ 22 22 4 2
XEquation 2 I,,= 2m T+ (m+1) Ty + \/4:77;7 j}; (m+1)*T3—4m*T, T,
“Where x is physiological age. Parameters a and 3 were estimated by nonlinear regression fitting.

, Where Ty, T., a, and m are derived from the results of equation 1.
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position with air (solid line), leaf temperatures (dashed line) and actual counts (closed circle) per plant position.
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Table 4. Correlation coefficients (r) between the actual and the predicted numbers of Trialeurodes vaporariorum” with a variable
of air or leaf temperature for DYMEX simulationin a cherrty tomato greenhouse.

T. vaporariorum stage

Temperature 1 - 2 instars 3 - 4 instars Pupae Adults
Air -0.15 (0.78) - 0.04 (0.94) - 0.11 (0.84) 0.82 ( 0.05)
Tomato leaf 0.69 (0.13) 0.78 (0.07) 0.88 (0.02) 0.98 (< 0.01)

“The egg stage of greenhouse whitefly in greenhouse was not counted due to its small size.
*Value in parenthesis is the probability that correlation coefficient is zero.
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