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Impacts of elevated CO, on the growth, development and reproduction of cotton
aphid Aphis gossypii (Glover)

CHEN Fa-Jun, WU Gang, GE Feng"  (State Key Labortary of integrated Management of Pest and Rodents. Institute of Zoology
Chinese Academy of Science, Beijing 100080,China). Acta Ecologica Sinica,2005,25(10) :2601~2607.

Abstract: The direct and / or indirect effect of elevated CO,((553+27)pul/L and (754 £ 33)pl/L vs. (376 £22)pl/L) on the
growth, development and fecundity of successively three generations of the cotton aphid Aphis gossypii (Glover) feeding on
cotton (cv. Simain-3) plants were studied by control-environment experiments in open-top chambers (OTC). The results
indicated that CO, rising significantly affected body weight and mean relative growth rate (MRGR) of A gossypii for both
experiments of indirect effect treatment and direct and indirect effect treatment. Contrast to ambient CO,, significant increases
were shown in body weight and MRGR of aphid feeding on cotton plants grown in (754=+33)pl/L. CO, for the experiment of
indirect effect treatment; significant increases were also found in body weigh of aphid for two elevated CO, treatments of the
experiment of direct and indirect effect, and MRGR was also significantly higher for aphid feeding on cotton plants grown in
(553+27)pul/L CO,. Moreover, some conclusions were also gained, i.e. (1) the direct effects of elevated CO, on cotton aphid
were weak or none, and the effect was mainly indirect by affecting host plants of cotton. (2) The effect of elevated CO; on the

growth, development and fecundity of A. gossypii was a long-term and multi-generation impact. (3) There were similar
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results from both of the indirect-effect experiment and the experiment of direct and indirect impact, i.e. the effects of elevated

CO; on growth, development and fecundity of cotton aphid were the same when A. gossypii was reared with detached tissues

(i. e. leaves) of elevated

CO,-grown cotton plants.

Key words:CO,; cotton; growth; development; fecundity; direct effect; indirect impact
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1

Table 1 Setup of the experiments

Aphis gossypii

Experiment  Types of effect Chambers Host plant
OTC1 Simian-3 in OTC1
, 7 mm
OTC2 Simian-3 in OTC1 . OTC1.0TC2  OTC3 .
Experiment 1 Direct effect OTC3 Simian-3 in OTC1 0.2~0. 3cm
OTC1 Simian-3 in OTC1 OTCl1 .
Experiment 2 rdirect OTC1 Simian-3 in OTC2
impact
OTC1 Simian-3 in OTC3
. OTCl1 Simian-3 in OTC1 OTCl1 s
Direct and
Experiment 3 indirect OTC2 Simian-3 in OTC2 OTC2 )
effect OTC3 Simian-3 in OTC3 OTC3
OTC1- 1, s CO, ;OTC2- 2,550pul/L CO,;0TC3- 3,750pl/L CO,, 1
; OTC1-Open-top chamber 1, ambient CO;; OTC2-Open-top chamber 2, 550ul/L. CO,; OTC3-Open-top chamber 3,
750p1/L COy;Test aphids were the 1st-day nymphs randomly taken from stock population
1.3.2 8 17 , 3 OTC s
oTc . N 1.3. 1,
1.3.3 8 17 , 3 OTC s
orc ., N 1.3.1,
1.4
SAS6. 12 (SAS Institute, USA, 1996) (ANOVA) o
> (Two-way ANOVA) CO, .
LLSD o s (Two-way ANOVA)
o s 1(OTC1), 2(0TC2), 3(0TC3) 3 CO, , Ambient CO,,
550ul/L CO,  750ul/L CO,, LSD o s
(Two-way ANOVA) OTC / CO, o OTC CO, (
OTC1 - Ambient CO,,0OTC2-550p1/L CO,,OTC3-750pl/L CO,), o
LSD B
2
2.1 CO,
CO, 3 C la), C  2a). C  3a). C  4a)
(MRGR;; 5a) o
CO, « 2, (p<<0.00D) ;
(p=>0.05),
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)
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Fig. 1 Effects of elevated CO; on the pre-oviposition period (Mean-+SE) of the three successive generations of cotton aphid Aphis gossypii
(Glover)

(a) Direct effect; (b) Indirect effect; (¢) Direct and indirect effect; the same below
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Fig. 2 Effects of elevated CO; on the longevity (Mean + SE) of the three successive generations of cotton aphid A. gossypii
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Fig. 3 Effects of elevated CO; on the fecundity (Mean -+ SE) of the three successive generations of cotton aphid A. gossypii
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Fig. 4 Effects of elevated CO; on body weight (Mean + SE) of the three successive generations of cotton aphid A. gossypii
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Fig. 5 Effects of elevated CO; on mean relative growth rate (MRGR; Mean + SE) of the three successive generations of cotton aphid A.

gossypii
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Table 2 Two-factor ANOVAs of the direct effects of elevated CO; on the successive three generations of cotton aphid, A. gossypii
Factors F (P)

Population indexes CO,

Generation CO;, concentration Interactions

Pre-oviposition period 3.26 (0.043) 0.01 €0.99) 0.05 (0.995)
Longevity 1. 90 (0.16) 0. 04 (0.96) 0. 01 (0.9998)

Fecundity 0.63 (0.54) 0.01 €0.99) 0. 03 (0.998)
Mean relative growth rate (MRGR) 0.13 (0.88) 0.01 €0.99) 0.02 (0.9993)

Body weight 0.14 (0.88) 0.42 (0.66) 0.05 (0.996)

C 3, (p<<0.01) MRGR(p<C0.05);
(p=0.089), (p=0.055);

(p>0.05).

3 CO, 3
Table 3 Two-factor ANOVAs of the indirect effects of elevated CO, on the successive three generations of cotton aphid. A. gossypii
Factors F (P)

Population indexes CO,
Generation CO;, concentration Interactions
Pre-oviposition period 3.01 (0.055) 0.51 (0.60) 0. 01 (0.9996)
Longevity 2.49 (0.089) 0.90 (0.41) 0. 09 (0.99)
Fecundity 2.01 (0.14) 1. 39 (0. 25) 0.10 (0.98)
Mean relative growth rate (MRGR) 1.27 €0.29 3.39 (0.039) 0.23 (0.92)
Body weight 0.49 (0.62) 4.04 (0.021) 0.23 (0.92)
2.3 CO,
CO, 3 ., CO,
CO, C 1lc 2¢) . . MRGR C 3¢, 4c 5¢), LSD
s CO, ,550pl/L 750ul/L CO, 3 C 4e; p<<0.05); s
750ul/L CO, 3 MRGR (  5c¢3 p<<0.05),
C 4, CO, MRGR (p<<
0.05), (p=>0.05),
4 CO, 3

Table 4 Two-factor ANOVAs of the direct and indirect effects of elevated CO; on the successive three generations of cotton aphid, A. gossypii

Factors F (P)

Population indexes CO,
Generation CO, concentration Interactions
Pre-oviposition period 1.51 (0. 23) 0.73 (0.49) 0. 06 (0.99)
Longevity 0.95 (0.39) 0.47 (0.63) 0.02 (0.9991)
Fecundity 0.64 (0.53) 2.08 (0.13) 0. 03 (0.998)
MRGR 1.17 (0.32) 3.79 (0.027) 0.23 (0.92)
Body weight 0.70 (0.50) 4. 85 (0.023) 0. 30 (0.88)
3
CO, ; ) e
s s CO,
[15] C()z [28] .
’ C()Z 3 ) H 3
4, s CO,
o CO, s o

(Nutrient Complementation Hypothesis, NH)®%, (Toxins Hypothesis, TH)EF !
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