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Effect of soil moisture on the pupation and emergence of the
armyworm, Mythimna separata
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Abstract [Objectives] To study the effects of soil humidity on the pupation and emergence of the armyworm, Mythimna
separata, so that local winter soil surface temperature can be used to predict its overwintering period and subsequent
emergence. [Methods] The relative water content of indoor and outdoor soil samples were set as 0, 10%, 20%, 40%, 60%,
80% and 100%, respectively, and pupation and emergence rates of armyworm larvae in these samples were recorded and
compared. [Results] Soil water content had significant effects on pupation, eclosion and overwintering period. (1) In soil
with 0, 10%, 20%, 40%, 60%, 80% and 100% relative soil water content, the average pupation rate was 75.0%, 82.5%, 92.5%,
90.0%, 77.5%, 65.0% and 60.0%, respectively (2016-2017). Experimental results in the second year were similar; 70.0%,
75.0%, 90.0%, 87.5%, 77.5%, 60.0% and 57.5%, respectively (2017-2018). The optimal soil water content was between 20%

and 40%, and water content of between 0% and 100% was not conducive to pupation. (2) Soil with water content of 0, 10%,
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20%, 40%, 60%, 80% and 100% had average armyworm emergence rates of 12.5%, 47.5%, 42.5%, 47.5%, 77.5%, 45.0% and
7.5%, respectively in the first year (2016-2017) and similar results in the second year (2017-2018); 20.0%, 27.5%, 40.0%,
57.5%, 67.5%, 52.5% and 25.0%, respectively. The optimal soil water content for adult emergence was 0%, 60% and 100%. (3)
Pupae were buried under the same soil moisture content treatment in outdoor fields in November 2016 and November 2017
failed to emerge. [Conclusion] The most suitable soil moisture content for the pupation of armyworms in the Dezhou city
region of Shandong province is between 20%-40%, whereas the optimal soil moisture content of excavated soil is about 60%.
Although the water content of soil in winter had little effect on pupae and adults, the temperature was too low for worms to
overwinter. Soil moisture content can affect the emergence of pupae and adults, especially the emergence of pupae. Soil
moisture content can be changed by artificial irrigation or drought to control the emergence of armyworms.
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Table 1 One-way ANOVA (F/P values) for the effects
of different soil relative water content treatments on
pupation and emergence rate of armyworms

The different soil relative water content

Measured treatments
indexes
Pupation rate (%) Emergence rate (%)
2016-2017 5.51/0.001"" 40.94/<0.001"""
2017-2018 7.94/<0.001""" 7.32/<0.001"""
" P<0.001 P=0.01 P=0.0.5.
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Fig. 1

The duration in soil from the entering soil to the emergence out of soil for armyworm,

Mythimna separate in different levels of soil relative moisture

A.2016-2017 B. 2017-2018

LSD

P>0.05

A.2016-2017 B. 2017-2018. Histograms with the same lowercase letters indicate no significant

difference among different levels of soil relative moisture by LSD test at P>0.05.
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Table 2 The effects of different soil relative water content treatments on pupation and emergence rate of armyworms

Soil relative moisture Pupation rate (%) Emergence rate (%) Emergence rate of wild field (%)
2016-2017 2017-2018 2016-2017 2017-2018 2016-2017 2017-2018

0 75.00£0.65ab  70.00+0.48ab  12.50+2.50c  20.00+7.07c 0.00 0.00
10% 82.50+0.25ab  75.00+0.29ab  47.50+2.50b  27.50+4.79¢ 0.00 0.00
20% 92.50+0.25a  90.00+0.41a 42.50+4.79b  40.00+8.16bc 0.00 0.00
40% 90.00+0.41a  87.50+0.25a 47.50£2.50b  57.50+4.79ab 0.00 0.00
60% 77.50+0.48ab  77.50+0.25ab  77.50+2.50a  67.50+7.50a 0.00 0.00
80% 65.00£0.87b  60.00+0.71b 45.00£6.45b  52.50+7.50ab 0.00 0.00
100% 60.00£0.41b  57.50+0.63b 7.50+2.50c  25.00+6.45¢ 0.00 0.00

LSD P<0.05

Data with different lowercase letters indicate significant difference among different levels of soil relative moisture by the
LSD test at P<0.05. The same below.

0-7 cm + 2R =0
307 A 0-7 cm soil layer temperature 30 - B 0-7 cm TR
~ ~ 0-7 cm soil layer temperature
& & 20
~~ ;/ ~ \; b
gg ﬁglm
i g B8 0
2, 2
%E @Eﬂm
RN
(\9, & \.\Z\ ’V\ %'\' %9»’\ Cb:,),\ °o'b(
S O
% Vv v v .
AHIE] Time B[] Time
2 047 ¢ 0-7 cm +Z R A QOQOAD 0.7 om LS
s % <03 0-7 cm soil moisture ﬂﬂ\:ﬂ% é g 0.3 0-7 em soil moisture
R e R 288
% g2 0 4'“\“ S E 0.2
wel ®EE
XE 8 ESE 0l
o S = 0.1 &" S
B S % .
H N D D WD W F NN X
& & T S ¥
g S S S LR
B[] Time A Time
RAEM -7 em TRREMTIEHETEKE
B2 WHREME 0-7 cem £ EIREMTIEAI K
Fig. 2 Temperature and soil relative moisture in the surface layer (0-7 cm) of
soil in the field station located at Dezhou of Shandong province
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