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The ecological adaptability of Aphis gossypii collected from

different climate zones to temperature and photoperiod
LIU Jian"?, WU Kong-Ming'*, ZHAO Kui-Jun® and GUO Yu-Yuan' (1. Institute of Plant

Protection, Chinese Academy of Agricultural Sciences, Beijing 100094, China; 2. Agricultural College, Northeast
Agricultural University, Harbin 150030,China). Acta Ecologica Sinica,2003,23(5) :863~869.
Abstract: Cotton aphid Aphis gossypii (Homoptera: Aphididae ), an important agricultural pest, its
distribution extends from 60°N to 40°S in the world. This insect is capable to survive under different
climatic conditions due to its wider adaptability. In summer, this insect reproduces parthenogenetically
from generation to generation, after the late autumn it produces sexual aphids to lay eggs to over-winter.
This paper presents studies on ecological adaptability of Aphis gossypii under different temperature and
photoperiod ranges in the laboratory.

Adults of Aphis gossypii were collected from cotton plants in Ho Chi Minh city of Vietnam (106. 42°
E. 10.45°N), Beijing (116.5°E. 39. 9°N), Shihezi city of Xinjiang Municipality (85°E, 45°N) and Sanya
city of Hainan Province (109.5°E, 18. 2°N) in 2001 and these adult populations were named as YN, BJ,
X]J and HN respectively. Each aphid culture was maintained on cotton seedlings at 22 C, 70%RH, and a
photoperiod of 14:10 (L : D). The relationship between emergence of sexual morphs and photoperiod

(L:D=8:16 and L:D=10: 14) at 18 C as well as the life parameters of these populations at different
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temperatures were evaluated.

In the 1% part of the study with asexual aphids (collected from cotton plants), forty 4™ instar aphids
(Gy)were transferred into environment chamber and allowed to breed using Leaf Wafer Method. After 24
hours, the G, adult aphids were removed, and forty new nymph (G,) from G, generation were introduced
to breed until generation (G;). The G, nymphs were kept on feeding. which were produced at the 2nd.
7th, 12th and 17th day separately. During the growth period, the number of apteral and alate aphids was
checked and the alate ones were transferred to cotton plants having 3 to 4 leaves to get G; generation. The
cotton plants were enclosed with transparent plastic sleeves, which were covered at the top with gauze.
The rates of development of three types of aphids [ (1) virginoparae cotton aphid in G; with reproductive
potential, (2) male alate aphid with genetalia without reproductive potential and, (3) female apteral aphid
having eggs ] were observed.

In the 2™ part of the study. fifty aphids from each of the 3 populations (i.e. YN, BJ and XJ) were
placed at various temperatures (15, 20, 25, 30 and 35C respectively) maintaining 70%RH, and
photoperiod L:D=16:8. Each aphid from respective population was fed on cotton cotyledon in 25ml glass
beaker with 10ml-dissolved medium at the bottom. The newly produced aphids were transferred on
cotyledon, and the cotton cotyledon was put on the surface of culture medium tightly. The newly produced
nymphs were picked out everyday, but the adults were allowed to remain in the same container with
replacement of fresh cotyledon and medium as and when required. Ecdysis, reproduction and death of
aphid were observed everyday until all aphid adults died.

The results showed: Sexual aphids of Aphis gossypii from B] and X]J could be induced successfully at
18 C and photoperiod (L : D=8 : 16 or L : D=10 : 14). An increasing trend in percentage of sexual
aphids with enhancement of reproductive duration was observed in BJ and X]J populations, whereas sexual
aphids of Aphis gossypii from YN could not be reproduced. The cotton aphid was found to survive
normally at temperature ranging from 15 C to 30 C, but they died quickly in nymph stage at 35 C. There
were also observed significant differences in adult duration among YN, BJ and X] populations. Adult
duration of the aphid in YN was much longer than those of the other two populations at 30 C. The
duration showed an increasing trend with the increase in latitude of location at 15 C, and fecundity of the
aphid also showed a similar trend.

Sexual morphs of aphids collected from temperate regions could be reproduced under artificial
conditions, whereas the aphids collected from tropical regions could not be reproduced. Significant
differences were also observed in life parameters of cotton aphid among the populations obtained from
different agro-ecological zones. All these results indicated that Aphis gossypii collected from different
climate zones had the different ecological adaptabilities.
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:1000-0933(2003)05-0863-07 :Q968.Q969.3677.3 (A
(Aphis gossypii Glover) 60° 40° ol .
o 9 9 b o
(2]
9 Y H N
=
’ A N
. , .
i (5]
o b Y o b

[6.7]



2001
(85°E,45°N)
22C,
1.2
1.2.1

70% ,

[7.9] . 24h
G1 B

. G,
1.2.2
30C.25C,20C,15C 5
> 50 ,
» 1

»N,

SAS

2.2
2.2.1 4
0,
2.2.2 N
8d )
11d

865
LIJO
(106. 42°E, 10. 45°N) | (116. 5°E;39. 9°N)
(109. 5°E,18. 2°N), . ,
L:D=14:10, tsl )
. 18C.L:D 8::6 10:14 .
. 4 40 (Gy) ,
1 (G40 ( ) . G, ,
2.7.12,17d (Gy) , .
. Gs . o GS
o [Sjo
(RHT70%) (L:D=16:8), 35C,
(YN), (B (X3 , 15
1) 25m1 . 101’1’119
, 1 Lol . .

rn=1nR,/T, T

[10]
GLSE, p'Y 35C
1 : ,BJ.X]J
0,G, 0, .
2. 3 ,BJ.X]J
, ;12 17
15~30C, 80%
35C .
.3 25C  20C ,
. > >

;Rr»:N'I'/NmN’I'



866 23

1 18C )

Table 1 Percentages of various morphs in G2 and G3 generation of cotton aphid(18 C)

G, % Gs Gy %)
(h) Percentages of various morphs in G, Percentages of various morphs in G; from alate G,
Photoperiod Population 2 2 L+9
Aptera Alate Virginoparae Male Ovipara  Sexual morphs
8 YN 100 0 0 0 0 0
HN 100 0 0 0 0 0
BJ 91.93 8. 07 58.78 7.43 33.79 41.22
XJ 41. 83 58.17 49. 67 7.32 43.01 50. 33
10 YN 100 0 0 0 0 0
HN 100 0 0 0 0 0
BJ 54.62 45. 38 51.95 7.47 40. 58 48.05
X]J 40. 11 59. 89 48. 64 13.92 37. 44 51. 36
* YN  HN G, The G, apteral aphids still could not

produce alate ones, being bred for another generation

2 18C.,L:D=8:16)
Table 2 Percentage of sexual morphs of cotton aphid at successive intervals throughout their reproductive period at 18 C

and L:D=8:16

@ % XD FOD 3+ 00
Population  Days in reproductive period  Alate morphs in G, Male Ovipara Sexual morphs

BJ 2 6.3 0 31.1 31.1

7 8.9 0 41.5 41.5

12 3.3 26.3 31.6 57.9

17 21.9 42.9 28.6 71.5

X]J 2 50.9 0 44. 8 44. 8

7 51.3 0 39.9 39.9

12 76.7 45.2 43.6 88. 8

17 76.9 U585 54.5 100
3 (A8 C,L: D=10: 14)

Table 3 Percentage of sexual morphs of cotton aphid at successive intervals throughout their reproductive period at 18 C

and L : D=10: 14

(d) %) CZD) % S+
Population  Days in reproductive period  Alate morphs in G, Male Ovipara Sexual morphs
BJ 2 40. 6 0 38.1 38.1
7 39.2 0 65. 6 65. 6
12 57.1 42.1 36. 8 78.9
17 56. 1 44. 1 35.3 79.4
X]J 2 49. 3 0 33. 8 33. 8
7 50.5 0 43. 4 43.4
12 77.8 31.2 28.4 59.6
17 86. 2 47.3 49.5 96. 8
> > ; 29.3848.52d,
23.5£7.09d, 19. 35£5. 84 (0. 05 st s )

( 4),
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Table 4 Cotton aphid adult survival rate(%;) ‘é’ 80
Temperature( C) B 60
Population 35 30 25 20 15 E 40
YN 0 88 90 94 90 * 20
B 0 86 96 86 90 4% 0
1 4 7 10 13 16 19 22
X 0 81 88 o o FHEH 0 Survival time (d)
2.2.3 5
1 (30 C)H
4
Fig. 1 Cotton aphid population survival rate curves
(0. 05 N . 3
’ 2
0.05 ). &
|
.25C.20C »30C . §
15C > > (0. 05 st ;
: ). B el
1 4 7 1013 16 19 22 25 28 31
s %04 Survival time (d)
Table 5 Cotton aphid population duration (larva and adult )
)
@ (d) 2 (25C)

Temp-  Popu-

erature lation

Number Larval duration Adult duration

Fig

30 YN 44 4.1440.05 a 9.6440.62 ¢ -
BJ 13 4.1240.06a 5.6140.49a &
XJ 41 4.12+0.05 a 7.88+0.75 b :E
25 YN 45 4.93+0.08a 13.474+0.99b E
BJ 48 4.8540.07a 10.9640.69 a A
X]J 44 4.7140.08a 13.82+0.76 b g
20 YN 47 6.5140.08a 18.7241.10a ¥
BJ 43 6.5840.08a 16.63%1.01 a
X]J 47 6.81+0.08a 18.1141.16a
15 YN 45 11.29+0.17a 8.62 +0.91 a
BJ 45 11.64+0.14a 12.76+1.00 b Fig
XJ 47 11.58+0.09a 17.77+1.20 ¢ z
* g
+ , (p<0.05: LSD &
test) Data on larval duration and adult duration were the E
means &+ standard errors. Means followed by the same letter g
were not statistically different (p<0.05; LSD test) *
2.2.4 6 , 30C
,25C ,20C s
15C > > (¢ ,0.05 Fig
s ), 15C
o C 5 :15C
2.2.5 7 s YN.BJ.X]
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o
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6 (G

Table 6 Total numbers of cotton aphid larva. produced in the whole life of the aphid (number)

Temperature( C)

Population 30 25 20 15
YN 16.5240.97 b 43.8942.90 ab 57.4742.65b 17.76+£2.69 a
BJ 11.93+1.14 a 37.94+2.15a 40.74+1.93 a 26.96+£2.85b
X] 9.57 +0.58 a 47.21+2.13 b 67.214+3.50 ¢ 51.5543. 64 ¢
* -+ (p<<0.05; LSD test)Data were

the means +standard errors. Means followed by the same letter were not statistically different (p<C0.05; LSD test)

3 250
. 60° ~Ea00
o [  E 150
40 o - %
i g 100
L3 s
1) Ry 0
3 710131619222528 3134 374043
s o B ] Time(d)
N 5 (15C)
(1) Fig. 5 Cotton aphid population fecundity curves
7
b o b
Table 7 Cotton aphid population innate capacity of
BJ.X] ,YN.HN .
increase
’ Temperature ( C)
° N Population 30 25 20 15
’ ’ YN 0.38374 0.32278 0.29067 0.15963
s ) BJ 0.36183 0.35680 0.28284 0.16919
s X]J 0.34328 0.34296 0.28740 0.18263
b o ~
b ’
b b
s 0 s 15~30C
.35C 0, , 18~30C
., 20~30C , ; 15C,
o ,20~30C
, b, , ; 15C,
b * ’
. 15C > > ,
s ( 7).
9 b 9
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b o b

30C ,15°C ,



w1

869

References :

(1]
[2]

[3]

[4]

[5]

[6]

(7]

[8]

[10]

[11]

[12]

(1]
[2]
[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]

Zhu H F, Zhang G X. Brief introduction of cotton aphid. Entomological Knowledge,1955.1(1):41~45.

Ding J] H, Fu Q. Observations on habits of copulation and oviposition of sexual cotton aphids. Entomological
Knowledge,1994,31(4):217~219.

Meng L., Feng D J, Yu N L, et al. Effect of temperature on hatching rate of overwintering eggs and survival rate
of fundatrix of cotton aphid. Jouwrnal of Xingjiang Agricultural University, 1997,20(1) :20~22.

Zhao H Y, Wang S Z, Zhang G S, et al. Studies on the sexuality of cotton aphid. Entomological Knowledge,
1994,31(3):145~148.

Gong P, Zhang X X. The inducement of temperature and photoperiod to produce sexuales of Aphis Gossypii
Glover. Acta Phytophylacica Sinicas 2001,28(4) ;318~324.

Pan Q M, Wu T S, Zhang L S. Influence of temperature on the rate of reproduction of cotton aphids. Acta
Entomologica Sinica,s 1986,29(4):367~370.

Wu K M, Liu Q X. Influence of temperatures on population increase of cotton aphid, Aphis gossypii. Acta
Gossypii Sinica, 1992,4(1):61~68.

Wu K M, Liu Q X. Some biological characteristics of cotton aphid strain resistant to fenvalerate. Acta
Entomologica Sinicas 1994,37(2):137~144.

Liu S S,Meng X D. A simulation study on the distributions of insect development time. Acta Ecologica Sinica,
1990,10(2):160~166.

Nanjing agriculture college. Insect ecology and population prediction. Beijing: Agriculture press, 1985. 188~
191.

Zhu H F. The life history style and strain differentiation of aphid. Entomological Knowledge,1955,1(4):148~
153.

Wu K M, Guo Y Y. Investigation on population fitness of cotton bollworm, Helicoverpa armigera (Hiibner).

Acta Entomologica Sinica, 1997,40(supplement) : 7~11.

s . . 21955,1(1) :41~45.
, . . ,1994,31(4):217~219.
s . P . ,1997,20(1):20~
22.
, , .. . ,1994,31(3):145~148.
s . . ,2001,28(4):318~324.
, , . . ,1986,29(4):367~370.
, . . +1992,4(1):61~68.
, . . ,1994,37(2):137~144.
, . . ,1990,10(2):160~166.
,1985.188~191.
»1955,1(4):148~153.

s . . ,1997,40( ):7~11.



