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Abstract

Regarding the importance of greenhouse productions and high activity of pests including Trialeurodes
vaporariorum under greenhouse conditions, the management of this pest requires ecological studies
with a new approach. Therefore, due to the influence of the host plant characteristics on biological
performance of greenhouse whitefly, the current research was performed to predict and estimate the
values of its population growth parameters including net reproduction rate (Ro) and intrinsic rate of
population increase (rm). Estimation was based on some morphological features of the host plants using
a MLP artificial neural network. The network was optimized with a genetic algorithm. The Ro and rm
values of T. vaporariurum were calculated on two host plants, Cucumis sativus L. and Cucumis metu-
liferus May. Moreover, density and length of the leaf trichomes, density and area of leaf stomata cell
of the lower leaf surface and the amount of leaf chlorophyll of each host plant was measured. The MLP
neural network with optimal algorithm was designed. In order to evaluate the MLP neural network the
T-test, F-test and Kolmogorov-Smirnov test were used to compare mean, variance, and statistical dis-
tribution, respectively. The obtained coefficient of determination (R = 0.9621) and probability level (P
> 0.773) of statistical tests indicated high accuracy and capability and high generalizability of the MLP
neural network for estimating Ro and rm of greenhouse whitefly.

Key words: Trialeurodes vaporariorum, artificial neural network, genetic algorithm, host plants mor-
phological characteristics, population growth parameters
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Fig. 1. Age-stage specific survival rate (Sxj) of T. vaporariorum reared on C. sativus and C. metuliferus
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Fig. 3. Age-stage specific reproductive value (Vxj) of T. vaporariorum reared on C. sativus and C. met-
uliferus
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Table 1. Mean (£SE) amount of plants morphological characteristics and chlorophyll on C. sativus and
C. metuliferus

Plant Trichomes Trichomes Length Stomata Density ~ Stomata Cell Area Chlorophyll
Density(25mm?) (um) (5mm?) (um?) (SPAD)

C. sativus 72.87+3.80 a 127.69+6.57 a 54.20+0.31 a 85.64+2.03 b 33.05+0.55 b

C. metuliferus 42.33+2.75b 90.85+8.34 b 38.93+0.28 b 113.78+7.38 a 38.88+0.87 a

(P<0.01, Duncan test) 1ab e b las o sls me oslis 3525 KL O 5o 53 Soslite oy

Means followed by different lowercase letters in each column are significantly different, based on Duncan multiple
range test (P < 0.01).
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Table 2. Error percentage of proposed neural network with different parameters of genetic algorithms

AARE percentage AARE percentage Mutation rate Crossover rate Population
(%) for rn, (%) for Ry
2.71 2.63 0.4 0.6 50
2.64 2.58 0.3 0.7 50
2.66 2.66 0.2 0.8 50
2.48 2.23 0.1 0.9 50
231 2.25 0.4 0.6 100
2.49 2.58 0.3 0.7 100
1.99 1.55 0.2 0.8 100
1.78 1.64 0.1 0.9 100
1.80 1.87 0.4 0.6 150
1.90 1.97 0.3 0.7 150
1.66 1.75 0.2 0.8 150
1.60 1.94 0.1 0.9 150
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Fig. 4. Error reduction process of artificial neural network MLP optimized with genetic algorithm:
estimation of rm (A), estimation of Ro (B).
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Table 3. Statistical comparison between the observed and estimated of Ro and rm of greenhouse white-
fly by MLP neural

. Utilization phase ~ Comparisons of means Comparisons of variance Comparisons of
Variable R
distribution
R Training Phase 0.773 0.921 1.00
0 Test Phase 0.944 1.00 1.00
m Training Phase 0.962 0.981 1.00
Test Phase 1.00 1.000 1.00
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Table 4. Linear regression relationship and coefficient of determination between av (actual value) and
pv (predicted value by model)

Variable Network Utilization phase Linear regression relationship R?
Ro Training Phase pv =0.9845 av + 0.0031 0.9939
Test Phase pv =0.9329 av + 0.0036 0.9621
m Training Phase pv =0.9987 av + 0.0008 0.9925
Test Phase pv = 0.9654 av + 0.0025 0.9710

Absolute Average Relative Error (AARE)
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