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Using mathematical modeling to analyze the mortality of
Tetranychus urticae infested by Hirsutella thompsonii
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Abstract The efficiency of controlling Tetranychus urticae Koch with the pathogen Hirsutella thompsonii Fisher under
various humidity and temperature conditions was investigated and Grey model prediction and regression analysis were used
to construct a mathematical model of the effects of various parameters on mite mortality. The results indicate that the model
was a perfect fit under the test conditions. Control was most effective at a temperature, humidity and pathogen
concentration of 28.09°C , 100% and 2.5 million/mL, respectively, with a death rate of up to 81.66% . The influence of
temperature on H. thompsonii was found to be greater than that of humidity. H. thompsonii was found to be more sensitive

to changes in the environment at high temperature and humidity. It is concluded that the control efficiency of T. urticae by
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H. thompsonii is not high and would need to be improved if H. thompsonii is to be used as a biocontrol agent.
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Fig.1 Fitted curve of Hirsutella thompsonii colony diameter in different temperature when
humidity concentrate
R R 8, R F 8 :22°C ,95% ;22°C ,96% ;22°C ,97% 322°C ,98% ;22°C ,99% ;24°C ,95% ;24°C ,96% ;
24°C ,97% ;24°C ,98% ;24°C ,99% ;24°C ,100% ; B F| 30°C ,95% ;30°C ,96% ;30°C ,97% ;30°C ,98% ;30°C ,99% ;
30°C,100% |
x axis represents observation number. From No. 1 to No. 25 are 22°C ,95% ;22°C ,96% ;22°C ,97% ;22°C ,98% ;22°C ,
99% ;22°C ,100% ;24°C ,95% ;24°C ,96% ;24°C ,97% ;24°C ,98% ;24°C ,99% ;24°C ,100% ; to 30°C ,95% ;30°C,
96% ;30°C ,97% ;30°C ,98% ;30°C ,99% ;30°C ,100% .
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Fig.2 Fitted curve of Hirsutella thompsonii colony diameter in different humidity when
temperature concentrate
R PR T IR IRE R :95% ,22°C 595% ,24°C 595% ,26°C ;95% ,28°C ;95% ,30°C ;96% ,22°C ;96% ,24°C ;
96% ,26°C ;96% ,28°C ;96% ,30°C ; . ¥ 100% ,22°C ;100% ,24°C ;100% ,26°C ;100% ,28°C ;100% ,30°C ,,

x axis represents observation number. From No. 1 to No. 30 are 95% ,22°C ;95% ,24°C ;95% ,26°C ;95% ,28°C ;95% ,
30°C ;96% ,22°C ;96% ,24°C ;96% ,26°C ;96% ,28°C ;96% ,30°C ;o 100% ,22°C ;100% ,24°C ;100% ,26°C ;100% ,
28%C ;100% ,30°C.
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Fig.3 Multiple comparison of Hirsutella thompsonii colony diameter
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Table 1 Groups of humiture and their representative
2639 i e 2 REHE
Group Temperature and humidity Representative
1 22°C 97% 30C 97% 30C 97%
2 22°C 95% 22°C 99% 22°C 100% 28°C 100% 28°C 100%
3 22°C 98% 22°C 99% 24°C 95% 24°C 98% 28°C 96% 28°C 97% 24°C 98%
4 24°C 97% 26°C 95% 28°C 95% 24°C 97%
5 26°C 99% 26°C 99%
®2 AEAREERMFEARET -HMBAETE
Table 2 The death rate of Tetranychus urticae in different relative humidity and
temperatures and concentrations of spore suspension
WP N
Concentrations A Death rate i
(million/mL) - - - - -
temperature( C ) and FATL AT 2 FA73 AT 4 AT S Average
humidity ( % ) Repeat 1 Repeat 2 Repeat 3 Repeat 4 Repeat 5
250 22 100 0.071 0.176 0. 000 0.103 — 0.263
250 22 99 0.240 0.143 0. 130 0. 467 0.236 0.243
250 22 98 0.240 0. 143 0. 130 0. 467 0.236 0.243
2.5 28 97 0.110 0. 000 0. 000 0. 000 0. 000 0. 022
2.5 28 96 0.110 0. 000 0. 000 0. 000 0. 000 0.022
2.5 28 95 0. 000 0. 000 0. 000 0. 000 0.071 0.014

T — FOR B R BORE SR R T AR od

— means missing data. Only parts data have been listed in the table.
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Table 3 The prediction of GM (1,1) model in Grey System Theory for the death rate of
Tetranychus urticae killed by Hirsutella thompsonii
Tk B2 B e 2 ; ;
e i T fi . N~
Temperatures ( °C ) o ) 1 RS B T 2270 [
. Humidity Value of A
and concentrations (%) rediction Accuracy of model Error range
(4 >
(ten thousands/mlL) B
22 250 94 0.3101 0.9313 [0.2706,0. 5061 ]
22 250 93 0.3168 0.9313 [0.2768,0.5155]
22 250 92 0.3238 0.9313 [0.2832,0.5252]
22 250 91 0. 3309 0.9313 [0.2896,0. 5348 ]
28 2.5 87 0. 0035 0. 9006 [0.0021,0. 0063 ]
28 2.5 86 0. 0029 0. 9006 [0.0015,0. 0057 ]
28 2.5 85 0. 0024 0. 9006 [0.0010,0. 0052 ]
TE R RPN T E o EdE
Only parts data have been listed in the table.
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Fig.4 Fitted curve of death rate with all
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Fig.6 Compare of ternary linear regression and complete quadratic regression
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Fig.7 Relation of concentration and humidity and death rate in 22°C
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Only the drawing of 22°C have been revealed in there, and others are similar.
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