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Effects of the elevated atmospheric Carbon Dioxide levels on the growth
development and reproduction of Mythimna separata ( Walker )

( Lepidoptera: Noctuidae)
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Abstract: To clarify the effects of enriched atmospheric CO, levels on growth development and fecundity
of Mythimna separata ( Walker) the insect which was the major agricultural typical seasonal long—

distance migratory pest in China. The influence were examined in CO, artificial climate chambers under

ambient (400 pL/L) and elevated CO, level ( 800 uL/L). This paper measured the developmental
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duration survival rate and reproduction and population parameters of successive three generation of the
oriental armyworm. Pupa and adult weight loss is obviously. The results showed that each generation
army worm under different CO, concentration treatment can grow and develop normally the development
stage order of this insect is larva > adult > pupa > eggs. Compared to two kinds of CO, concentration the
larva 1 — 3 generation development period up to the level of the extremely significant different ( P <
0.001) . Under the 800 uL./L atmospheric CO, concentration the effect of sex ratio of armyworm is not
obvious but it’s can lead to life of female shortened oviposition rate per female and daily oviposition rate
per female decreased. In the 800 uL/L condition generation span ( ) and time of double population
size ( DT) of the first generation were extend to 1. 19 d and 1.24 d. The first and second generation’s
population parameter of net reproductive rate ( R,) intrinsic growth rate (r,) and DT showed downward
trend to the third generation slightly rebounded but did not reach significant difference level ( P >
0.05) . Under the high CO, concentration 1 —3 generation of survival rates were 44% 31% and 33%.
Compared with the corresponding generation under the low CO, concentration the survival rate is 10%
27% and 22% respectively. Among them the second and third generation armyworm survival rate under
the condition of two kinds of CO, concentration reach a difference significant ( P < 0.05) o The first
generation survival rate decreased significantly ( P < 0.05) while to the third generation gradually
stabilized. As the extension of generation the adaptability of armyworm to high CO, concentration
increased.
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1
Table 1 The comparison of Mythimna separata of the developmental duration under two CO, concentrations
co, (uL/L) (d) Developmental stages
Concentration Generation Egg Larva Pupa Adult
1 4.00 +0. 08 aA 31.62 £0.49 aB 10. 30 £0. 35 aA 13.93 £0. 32 aB
400 2 3.92+0.09 aA 25.45 £0.26 bB 10.03 £0. 22 aA 12.03 +0. 38 bcA
3 3.95 £0. 10 aA 20.80 £0.35 ¢B 9.32+£0.45 aA 11.32 £0. 84 cA
1 3.78 £0. 06 aA 21.83 £0. 86 aA 9.12+0.31 aA 13.55 £0. 16 aA
800 2 3.72 £0.06 aA 21.03 £0. 61 bA 9.78 £0.22 aA 14.23 £0. 11 bB
3 3.78 £0.02 aA 22.52 £0.29 aA 9.8 £0. 15 aA 14.17 £0. 14 bB
+ ( Duncan P <0.05)
( t P <0.05) o Note: Data in the figure are mean *

SE. Different lowercase letters above table represent significant difference in the same concentrations between different generations
(Duncan P < 0.05) . Different uppercase letters above table indicate significant difference in the same generation between two

concentrations ( Independent ¢ —test P <0.05) the same as follow.

2
Table 2 ANOVA analysis of the developmental duration

CO0, (pL/L) CO0, x
Developmental Concentration Generation CO, concentration X Generation
stages F P F P F P
Eggs 1.75 0.01 9.00 0.10 0. 06 0.95
Larva 1.57 0.34 0.81 0.55 6. 14 0.00**
Pupa 0.43 0.58 0.18 0.85 3.85 0.05"
Adult 2.48 0.25 0.30 0.77 9.08 0.00""
2.1.2 Co, Co,
Co, o
( 1), CO, 2.1.3
(400 pL/L) Co,
(P <0.05) 1
3 ( 3). Co, 1-3
(P<0.01) . Co,
CO, (P>0.05) CO, (P <0.05)
2-3 66.91 . 80.25 94.6 1-3
CO, 2.3 4.46 . 5.35 6.31
(P>0.05) . Co,
ANOVA CO, - 800 uL/L 3 1.
(P <0.05) 2 (P <0.05) 1
(P>0.05), + CO, 2.3 1.08 .42 .
Co, 1-2 . 1-3
(P>0.05) o (P<0.01) o



39

148 Journal of Environmental Entomology
=400 ppm
0800 ppm 0.305¢ 400 ppm
a2 aA £ 03 abA @800 ppm
~ af g bA
w0 5 Z 0.295}
~ .%D é‘ B
L a
g L & 029 -
# & 2 o285}
K- s
B 0.28f
0.275
2 3 1 2 3
FREL Generation L% Generaton
0.12 = 400 ppm
0800 ppm
= 0.1 aA
.
[
Z 008
=
=< 0.06]
a0
e 0.04f
&
= 002
=®
0
2
REX Generation
1 Co, N
Fig.1 Larva pupa and adult weights of Mythimna separata under different levels of atmospheric CO,
3 Co,
Table 3 The fecundity and sex ratio of Mythimna separata at two CO, concentrations
Parameters
CO,
(pL/L) . (4 (4 ( Eggs/female)  ( Eggs/female/day) (2/78)
. Generation Longevity of Oviposition
Concentration ) Oviposition rate Daily oviposition Sex ratio
female period
per female rate per female
1 15.13£0.25 aB 7.27£0.04 aA  777.93+£9.92 aB  51.86 £0.66 aA  2.28 £0. 12 aA
400 2 12.63 £0.27 bB  6.73 £0.10 bA  667.22 +7.21 aB  44.48 £0.48 aA  2.21 +£0.03 aA
3 10.63 £0. 14 cA  5.37+£0.20 cA 640.65+7.21 bB  42.71 +0.48 bA  2.23 £0.02 aA
1 11.89 £0.32 aA  7.37£0.20 aA  711.02 +6. 11 aA 47.40+£0.41 aB  2.26 £0. 02 aA
200 2 10.38 £0.20 aA  6.82 +0.36 bB  586.97 +6.06 bA  39.13 £0.40 bB  2.18 £0. 03 aA
3 10.37 £0.31 bA  5.20+£0.29 bA  546.05£1.15 cA 36.40+0.08 ¢cB  2.23 +0.04 aA
ANOVA co, . Co, Co,
(P <0.05) 2.2 co,
Co,
(P <0.01); 2.2.1
(P <0.05) Co, Co,
(P<0.01) . ( 4

Co,
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Table 4 Population parameters of of Mythimna separata at two CO, concentrations
Parameters
Co,
(R,) ()
(pL/L) . d T DT) (d
H . Generation Net reproductive (0 (4 (r.) Finite rate (o0 {4
Concentration Mean generation Intrinsic rate . Time of double
rate of increase
time of increase population size
1 587.20 £6.02 aA  3.79 £0.13 aA 1.69 £0.06 aA  5.41 £0.31 aA  0.41 £0.01 aA
200 2 516.85 +5.67 bA  3.78 £0.08 bA 1.72£0.06 aA  5.25+0.20 aA  0.42 £0.01 aA
3 532.63 £7.61 cA  3.12 +0.05 bA 1.75 £0. 04 aA 5.75£0.21 aA 0.40 £0.01 aA
1 450.23 £2.51 aB 4.51 £0. 16 aB 1.36 £0.05 aB 3.89£0.19 aB 0.51 +£0.02 aB
800 2 437.76 £4.65 bB  4.80 £0.23 abB  1.27 £0.06 abB  3.59 +0.21 abB  0.55 +0.03 abB
3 345.70 £9.55 bB  3.93 +£0. 15 bB 1.54+£0.05bB  4.46£0.22 bB  0.47 £0.02 bB
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