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Artificial induction of sexuales in Aphis glycines
(Hemiptera: Aphididae)

XU Lei” ZHAO Ji-Qiu XU Guo-Qing"~ ZHONG Tao ZHAO Tong-Hua

(Institute of Plant Protection, Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract [Objectives] The soybean aphid is one of the most important pests of soybean crops. The ephemeral sexual stage
of this aphid is vital to gene flow within populations. Exploring the conditions which induce the development of sexuales
therefore is important for understanding population heredity and ecological adaptive mechanisms. [Methods] The
percentages of various morphs in a captive aphid colony were measured under a range of fixed temperature and photoperiod
combinations for three successive generations and the influence of related factors analyzed. [Results] Apterous
parthenogenic aphids, alate parthenogenic aphids, winged male sexupara, and winged males, were induced successfully. The
results show that the most optimal conditions for artificial induction of male sexupara and males were 15°C combined with 10
hours of light per day, and 12°C combined with 10 hours of light per day, for three successive generations. The highest ratio of
wing dimorphism was induced by 15°C combined with 8 hours of light per day for three successive generations. Analysis of
variance indicates that the most significant influence on the development of sexuales was a temperature-photoperiod
interaction, followed by temperature and time. Generation had a significant influence only under certain temperature and
photoperiod conditions. [Conclusion] Temperature is the main factor responsible for the induction of sexuales under certain
photoperiods, and has an accumulative effect on the proportion of sexuales in combination with photoperiod. The development
of sexual individuals is influenced by a significant interaction between temperature, photoperiod and generation.
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Table 1 Number and percentages of various morphs of Aphis glycines in G, and G; generations
under different temperatures and photoperiods

Temperature Photoperiod

h

G,

%

Number and percentages of various morphs in G,

G,

G;

%

Number and percentages of various
morphs in G; from G,

Apterous Alate
parthenogensis parthinogensis ~ Male sexupara Virginoparae Male
aphids aphids
8 (37)57.81+18.13f (27)42.19+13.45b (0)0+0c (59)100+0a (0)0+0e
12 10 (70)70.7£19.43¢  (17)17.17+4.86¢ (12)12.12+8.54a (41)78.85+24.52¢ (11)21.15+13.26a
12 (80)82.47+25.19¢ (15)15.46+10.31e  (2)2.06+2.25¢c  (52)94.55+40.88b (3)5.45+2.11d
8 (56)50.45+14.29g (54)48.65+23.42a  (1)0.9£0.43c  (61)91.04+31.76¢ (6)8.96+4.58¢
15 10 (72)71.29+19.43¢  (16)15.84+4.86e (13)12.87+4.96a (38)79.17+£22.81e (10)20.83+8.52a
12 (101)87.82+14.85b  (4)3.48+2.21g  (10)8.7+4.58b  (56)88.89+20.14d  (7)11.11£7.99b
8 (114)80.85+26.04c  (27)19.15+6.55d (0)0+0c (89)100+0a (0)0+0e
18 10 (97)78.23£25.47d  (18)14.52+9.97¢  (9)7.26+3.96b  (72)87.8+28.93d  (10)12.2+10.39b
12 (79)77.45+17.65d (23)22.55+14.17¢ (0)0+0c (103)100+0a (0)0+0¢
8 (121)99.18+30.18a  (1)0.82+0.31h (0)0+0¢ (44)100+0a (0)0+0e
21 10 (117)96.69+£25.61a  (4)3.31£1.29g (0)0+0c (73)100+0a (0)0+0¢
12 (155)99.36+32.45a  (1)0.64+0.26h (0)0+0c (102)100+0a (0)0+0¢
8 (108)87.1+27.94b  (16)12.9+7.43f (0)0+0c (37)100+0a (0)0+0¢
24 10 (147)100+0a (0)0+0h (0)0£0c (88)100+0a (0)0+0¢
12 (159)100+0a (0)0+0h (0)0+0c (49)100+0a (0)0+0¢
=+
2

The data in the table are mean=®SE, number of male are given in brackets; date with different lowercase letters indicates

significant difference among different temperatures and photoperiods. The same with Table 2.
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Table 2 Number and percentages of various morphs of Aphis glycines in G4 and G; generations
under different temperatures and photoperiods

Gy Gs

Gy % %
Number and percentages of various morphs in G4 Number and percentages of various
(C) (h) morphs in Gs from Gy
Temperature Photoperiod
Apterous Alate
parthenogensis parthinogensis Male sexupara Virginoparae Male
aphids aphids
8 (23)45.1£16.73g  (27)52.94£27.64b  (1)1.96£1.45d (25)89.29+41.08c  (3)10.71£7.25d
12 10 (19)50.0+£14.19f  (14)36.84+11.29¢  (5)13.16+=12.64b (41)73.21+£23.96f (15)26.79+18.43a
12 (43)68.25+17.86d (19)30.16+£16.85d  (1)1.59+£1.22d  (59)85.51+£30.43d (10)14.49+8.64c
8 (17)19.3249.41h  (71)80.68+33.27a (0)0+0d (73)100+0a (0)0+0f
15 10 (37)42.05+10.1f  (33)37.5£20.11c  (18)20.45+9.96a (56)82.35+35.49¢ (12)17.65+7.52b
12 (98)89.91+15.27b  (7)6.42+1.25¢g (4)3.67£1.99d  (72)88.89+£31.92¢  (9)11.11+8.1d
8 (153)80.95+17.11c  (36)19.05+10.56f (0)0+0d (102)100+0a (0)0+0f
18 10 (50)64.1£15.79¢  (20)25.64+16.73¢e  (8)10.26+5.86c (85)86.73+29.66d (13)13.27+11.31c
12 (73)68.22+13.6d  (29)27.149.76¢ (5)4.67£3.21d  (72)92.31+£38.85b  (6)7.69+5.86¢
8 (360)98.36+49.87a  (6)1.64+0.84h (0)0+0d (112)100+0a (0)0+0f
21 10 (382)97.7437.94a (9)2.3£1.6%9h (0)0+0d (69)100+0a (0)0+0f
12 (277)100+0a (0)0+0h (0)0+0d (73)100+0a (0)0+0f
8 (245)99.19+43.96a  (2)0.81£0.77h (0)0+0d (58)100+0a (0)0+0f
24 10 (320)99.07+32.41a  (3)0.93+£0.62h (0)0+0d (72)100+0a (0)0+0f
12 (198)100+0a (0)0+0h (0)0+0d (60)100+0a (0)0+0f
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Fig. 1 Percentages of alate aphids of Aphis glycines under different temperatures and

photoperiods for one and three successive generations
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Table 3 Number and percentages of male in alate of Aphis glycines from different days in reproductive period under
different temperatures and photoperiods for one and three successive generations

Days in reproductive period

Temperature Photoperiod 5. . o o 2 7 12 17
The second day The seventh day The twelfth day The seventeenth day

treatment
q 1 (0)0+0aA (0)0+0bA (0)0+0bA (0)0+0aA
3 (0)0+£0aC (2)23.26+6.41aA  (1)18.54+3.29aB (0)0+£0aC
1 (0)0+0aB (5)26.55+7.22bA  (6)28.18+£10.48aA (0)0+0aB
= 10 3 (0)0+0aC (9)37.46x13.26aA  (6)20.52+10.87bB (0)0+0aC
1 (0)0+0aB (0)0+0aB (3)22.5+4.18aA (0)0+0aB
= 3 (0)0+0aB (0)0+0aB (10)18.56+7.39bA (0)0+0aB
1 (0)0+0aB (0)0+0aB (6)24.29+14.51aA (0)0+0aB
i 3 (0)0+0aA (0)0+0aA (0)0+0bA (0)0+0aA
1 (0)0+0aC (6)42.38+11.76aA  (4)29.94+3.54aB (0)0+0aC
P 10 3 (0)0+£0aB (0)0+£0bB (12)26.55+8.82aA (0)0+0aB
1 (0)0+0aB (0)0+£0bB (7)37.14+£14.28aA (0)0+0aB
= 3 (0)0+0aC (4)17.44+3.66aB  (5)20.18+£8.92bA (0)0+0aC
1 (0)0+0aA (0)0+£0aA (0)0£0aA (0)0+0aA
; 3 (0)0+0aA (0)0+0aA (0)0+0aA (0)0+0aA
1 (0)0+£0aC (0)0+£0aC (6)18.64+7.46aA  (4)12.53+7.69aB
' 10 3 (0)0+£0aC (0)0+0aC (8)16.68+4.87abA  (5)10.29+4.38abB
1 (0)0+0aA (0)0+0bA (0)0+0bA (0)0+0bA
= 3 (0)0+£0aC (1)8.94+2.39aB (3)12.38+£9.09aA  (2)11.29+4.77aA
=+

The data in the table are mean==SE, number of male are given in brackets; date with different lowercase letters indicate

significant difference among different generations, and different capital letters indicate significant difference among different
days in reproductive period.

18 12h 21 24
3 =18 12 15 18
24 EXMEFHAKEF~EEGHEHRKNEZE
R
Pc=0.008
4 2
4 P <p=
0.048
Px=p=0.002 Pp>~p=0.101
P,=0.006 Paxp=p=0.039

Pp=0.037 5
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Table 4 ANOVA for the percentages of male sexupara of Aphis glycines influenced by four relative factors

F

Relative factors Sum of squares Degrees of freedom F-value P-value
A Temperature 12 964.07 1 20.83 0.006
B Photoperiod 5678.42 2 15.77 0.037
Days in reproductive period 1 996.03 1 20.11 0.008
Generation for inducement 18 254.01 4 0.239 0.695
AxB 18.99 2 21.45 0.002
AxC 756.46 5 17.72 0.029
AxD 582.32 2 15.26 0.048
BxC 1218.65 9 0.21 0.992
BxD 420.88 16 6.74 0.101
CxD 2 568.37 2 0.32 0.248
AxBxC 329.01 10 7.65 0.055
AxBxD 59.49 9 10.08 0.039
BxCxD 149.26 11 0.50 0.624
Error 11 315.87 150 - -

R5 AMEXBEREMATH = EHEETF LLRBFTESH
Table 5 ANOVA for the percentages of male of Aphis glycines influenced by four relative factors

F

Relative factors Sum of squares Degrees of freedom F-value P-value
A Temperature 893.24 1 21.03 0.006
B Photoperiod 1209.69 2 10.33 0.045
Days in reproductive period 10 394.12 1 24.29 0.002
Generation for inducement 752.24 4 0.19 0.583
AxB 44.49 2 34.11 0.001
AxC 179.41 5 10.05 0.034
AxD 324.62 2 12.81 0.039
BxC 70.25 9 1.59 0.211
BxD 288.10 16 9.37 0.047
CxD 336.13 2 0.77 0.168
AxBxC 1376.08 10 7.97 0.049
AxBxD 496.18 9 17.88 0.027
BxCxD 169.51 11 0.44 0.331

Error 3286.91 150 - -
Pr=xp=0.039 Ppxp=
0.047

Paxpxc=
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0.049 Paxp=xp=0.027
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