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Effect of flooding temperature on survival of soybean pod borer (Leguminivora glycinivorella) larvae

To determine the effect of flooding temperature on the survival of soybean pod borer (Leguminivora
glycinivorella) larvae, the larvae in cocoons were submerged in sand and incubated at five different temperatures,
ranging from 5C to 25T, in the laboratory. Larvae in soil samples were also submerged under outdoor conditions.
A logistic model was fitted to the binary data (alive or dead) obtained in the laboratory experiment to test the effect
of temperature and submersion period on larval survival. Then, a degree-day model was fitted to estimate the base
temperature and other parameters of the model. The binary data from the outdoor experiment were fitted to a
generalized linear mixed model to clarify the effect of cumulative temperature during submersion on larval survival
in soil. In the laboratory experiment, the submerged larvae died more quickly under higher temperatures than
under lower temperatures. The base temperature for the degree-day model was estimated to be 2.86 C . In the
outdoor experiment, the cumulative temperature had an effect on larval survival. These findings highlight that a
degree-day model can be used to estimate survival probability. Further studies are necessary to determine whether

factors other than temperature influence larval mortality under flooded conditions.
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Fig. 1 Number of days of submersion for larvae at each of five constant temperatures,
with numbers of larvae per treatment.
Values below symbols indicate numbers of larvae in each treatment.

Position of each symbol indicates day on which each submersion period ended.
Submersion commenced on 2016/3/25 (circles) , 2016/12/27 (squares), and 2017/5/2 (triangles) .
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Table 2 Effect of explanatory variables on fit of logistic model”

Variable df Likelihood ratio P

Temperature 1 204.5 <0.001
Submersion period (days) 1 203.2 <0.001
Interaction: temperature X days of submersion 1 75.4 <0.001
Submersion commenced date 2 5.4 0.066

a) Objective variable of model is larval binomial response (survival or death).
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Fig. 2 Observed survival rate of larvae and survival probability after submersion.

Solid circle: Survival rate of larvae (number of survived larvae /number of tested larvae x 100) .
Solid curve: Inverse of estimated number of days under submersion by cumulative temperature model.
Survival probability=1/(1+exp (= (2.025 - 0.0058 X cumulative temperature))) x 100. Base temperature is 2.86C .
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Fig. 3 Relationship between cumulative temperature and survival rate of submerged larvae in laboratory.

Solid circle, open circle, solid square, open square, and solid triangle show survival rate of larvae submerged at 5,
10, 15, 20 and 25C, respectively.
Curved line: Probability of survival estimated by degree-day model.
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Table 3 Estimated parameters of generalized linear mixed model testing effects of submersion period
and average temperature during submersion on larval binomial response (survival or death) @

Parameter Coefficient S.E. z-value P

Intercept 5.01 29.806 0.168 0.867
Period -0.122 0.510 —-0.238 0.812
Average temperature -0.146 5.217 -0.279 0.978

a) Submersion period and average temperature were considered as fixed effects. Each submersion container was considered as a

random effect.

b) For each parameter, difference from 0 or not was determined by Wald test at the 5% significance level.

Table 4 Estimated parameters of a generalized linear mixed model testing effects of cumulative
temperature during submersion on larval binomial response (survival or death)®

Parameter Coefficient S.E. z-value P
Intercept 1.744 1.183 1.474 0.140
Cumulative temperature —0.0104 0.003 -3.877 <0.001

a) Cumulative temperature was considered a fixed effect. Each submersion container was considered as a random effect.

b) Base temperature: 2.86C .

¢ ) For each parameter, difference from 0 or not was determined by Wald test at the 5% significance level.

100 7 Submerged plot 100 o Un-submerged control plot
1 1 o0 @
J . 8 o O ®
1 @ |
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Fig. 4 Relationship between cumulative temperature and survival rate in submerged and un-submerged control
plot in container, Wagner pot, and rice field experiments.
In submerged plot, the top end point of straight line extending vertically upward from each data point indicates value of
corrected survival rate of that point. Solid circles: submersion test in container; open circles: submersion test in Wagner pot
and rice field. Curved line: Probability of survival estimated by degree-day model.
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Fig. 5 Hourly measured temperature of submerged and un-submerged soil in container.
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