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Response of three successive generations of aphids to stress from
Lysiphlebia japonica Ashmead under ambient CO, and elevated CO,
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Abstract The effects of two levels of CO, (375 wL/L VS 750 wL/L) on the cotton - Aphis gossypii - Lysiphlebia japonica
system were studied using OTCs. We evaluated the influence of direct and indirect stress from L. japonica on the fitness
response of aphids to changing CO, for three successive generations. We wished to show whether CO, levels, generation
and L. japonica-stress markedly determined the fecundity, net reproduction, mean generation time and intrinsic rate of
increase in cotton aphids, and whether interactions between these variables also had a notable impact on the fecundity, net
reproduction, and intrinsic rate of increase of aphids. Our results suggest that the stress induced by exposure to caged L.
Japonica had greater impact on the fitness and population dynamics of successive generations of A. gossypii under elevated
CO, , resulting in a lower aphid-population.
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AL, R T e B R M R R SR (R
a4 K % F (Mattson, 1980; White, 1984 ; Chen
et al. ,2005) , i i £ W) 4 52 0 2 LLZ OB R
i ( Coviella and Trumble, 1999 ; Sun et al. ,2011)
i B R KA CO, e T XA By A iy
Wi, E A7 K A AF 52 42 18 (Bale et al. , 20025 Fu
et al. ,2010; Gao et al. ,2010,2012) ,fH i1 F KX
CO, e JZ 2 il ) X BE LA Je 2278 97 J2 A 0 B9 B2 2%
PE, N Y BE R AL, 20 B CO, kB8 T i X 2 2R 4
PN SER (NN Sy § ARSI R
(X IE4E,2010)

AL R R E —Fh mZE WL AEY . ME—Fh
C3 AHY , AR AL X TR CO, W T R B T 4%
TR, KA CO, W BEM 330 wL/L | F3] 660
wL/ L n] (R AL 3 7= 95% |, i He b 1 49 7 2494534 7=
31% (Kimball ,1986) , 7EAf HAEZS R Gerh , Bf #{
JE AR A — P A A AR R B A S B Y
Y E AR A R BT ST RGE (B% T,
1992 ; B8 %5 {3, 1993a, 1993b) . & AT Hif 1 OF 5% %
B, AR Z ) | 27 A 30 J7 20O 1 08 7 A7 Lo B
SR R, YR IEACRE ) 7 AN B KR AR A
R RS e (2 AE,2013) 51 B, B R
CO, REEM T AE R A S RGN EEE i,
FRUF Y K AR BCRE b Tt /6 N E (Chen et al.
2005) o A4, KA CO, HeBE B oA, 308 A0 10 K
A B ARG 2 ane], Xof Al 07 B 5 AR T Al 22 4k, {E
it —2B0E5E .

AT A A0 A0 - 0 A AR R G2 R IS
% EAIFTHR A €O, KE (0TC) , W58 2 ik
5, CO, ¥ B (375 wL/L VS 750 pnL/L) F B A
Uop B W | R ] 4 T MF B0 3 A D R 22 AR AR
WA R R E VBB 5 B BB, LA [R]
R CO, YR BE X Al I 38 5 B2 1 52 W), Ry oK R A
U7 e A g A BRI R DR AP E AT U i i 4 B
WK

1 #el5RF*

1.1 FMK OTC K=E

TR % (OTC) A7 T A 5 vy B R 2 B 3h )
WEFERT/IN L FE 4 ( ZR 48 116°24722. 67, Jb 4 40°11"
S1.8") B/ . 1% E h CO, IR, CO, ¥ 5 1 &
SRR E =K, Lo, PR =
SO HESR 32 BE RIS JEE 4 TR0 4k

IR 2 KA CO, ¥ AKF, B Y AT
KA CO, #JF (CK,375 wlL/L,ambient CO,) i
1 5B KA CO, W E (750 pL/L,2 x ambient
CO,) . A~ CO, W K73 HI7E 6 4> OTC Nt
P MRS T 6 il KW, 2K 24 him <,
SERR AR B HSF 3 CO, e 451 0 (376 £ 22)
wL/L A (754 = 33) wWL/L( BRI X4 ,2004)

L2
AL A A 0 A DL 2R e 2 (2013)

1.3 I shE

AW 2 AR CO, kKA, B2 iy
KA CO, #JF (CK,375 wL/L,ambient CO,) I
1 5B KA CO, W (750 wL/L,2 x ambient
CO,) 4bF, &4 CO, HBEKF-20 i 1E 6 4> OTC
WIEAT AT 6 IE R . TEREA OTC Py FAE AH
[Fi) it o FRO A B, ) S A F , P 4% 1 Ak R ) S O
HHIE] CO, e FE KA B N T AU AR AR SR . |
750 pL/L RS CO, e 3 Ak B 4] 57 i) d5F H a4 0]
F 750 pL/L RS CO, ¥ B AR B N TR FE
DAY i) % 0 0 5 T XY T 375 /L RS €O, Mk
Kb BRG] SR Y 0 HL R A T E) 375 wL/L B RS
CO, Vi JE Kb PR N TSGR P4 1) 75 00F 00

2 4~ KA CO, ¥ E K (375 ppm, 750
ppm ) Ak BT A A A AE A IR 0 LR R AR v R
[l 25 AR [ 19 CO, ¥k B2 iy N T A g 4 v 4] 3 4k
W,

Ay TR 2 A KA CO, He AR FR I N T35 46
v, R AT U A8 22 tHE AU 08 B A Ak B G
Igp M XA 1 AR BB 2 AURIES 3 AR A S B A ik
B b BT5 0k WA A (2013) o A3 T A LU HR 2
PN TR R CO, e B8 TR A 097 1 45 2 1 22 1 B ¢
o BRI ECE s 1 R,

1.4 AEFHZE

FRUA - BB 12 h W5 A F &2 1% 5% L9 0 1
(R BE T B0 W J 15 50, T S5 A A T A 8% 5 LN
TRy RE D S d= A f5  BERR 12 hadsg—k
I R R RO R LA i, B e T, Ho,
SO A B 26 1 if AT GE 3 o M o

FRAE e o B B i, AR S5 0 R B B i ik
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Fig.1 Diagrammatic summary of stress treatment from Lysiphlebia japonica on the three successive generational

aphids in ambient CO, and elevated CO,

FNHLT 48 h (Coviella et al. ,2002) , F LK
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(2002) #4977 ¥ I A i a2t 5 A By 0 00 2 2 IR A
FAE (2007) WITTHA
1.5 MBEESEESH

SRR BB Chi (1997 ) W A i 2 20 #r
N ¥ 3k B http://140. 120. 197. 173/Ecology/
prod02. htm ( Chung Hsing University) and http;//

nhsbig. inhs. uiuc. edu/wes/chi. html ( Illinois

Natural History Survey) , /3 HiTE AmE S5 N

B A, R B A R AEACE S E] T,
TNEEK R r 8 TE R KRR
FIVEETH A5 280, A SCUA AR A i o G B A AT
1.6 HESIT

SAS 6. 12 (SAS Institute Inc. USA,1996) 4
THA AT ERAE , 3 B Ach 3 ) 5 i v 3 T 25
Ab FRR] 1Y) 22 55 5 3 PE F Duncan” s 7 &2 1% 22 K 5 o
s o3 AT, SCHEAT IS Y 0 B e 4, DA Oy 22
I3 T LR (RDVEE 4 & B2 20 A o
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(P<0.01) BRAH(P <0.01) ; [, W E R T
MAER A PEE AR & (P <0.05) (£ 1), |

X R AR AR R R U R R R LA A
WA B FEL
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Table 1 The nutrient compositions (mean + SE) of cotton grown under ambient CO, and elevated CO,
R Xt €O, W s # CO, Wi
BRI .
Ambient CO, Elevated CO, F P
Measured indexes
(375ul/1) (750ul/1)
JE 45 A P 4 TNCs(mg/g) 202+ 11 b 366 + 21 a 48.79 0. 000
A Foliar nitrogen (mg/g) 28.7+ 2.11 a 30,9+ 0.59 a 1.08 0.314
i & Lt Ratio of TNCs :nitrogen 7.6+ 0.41 b 11.8+ 0.43 a 46.93 0. 000
TR H Protein (g/L) 0.304 £ 0.040 a 0.205 + 0.019 b 4.99 0. 040
W25 % F 2 Free amino acid(mg/g) 0.508 + 0.057 a 0.482 + 0.015 a 0.16 0.711
Y Gossypol( % ) 0.0181 £ 0.0071 a 0.0047 + 0.0021 a 3.27 0. 145
BA " Tannin( % ) 1.044 £ 0.073 b 1.447 £ 0.024 a 27.79 0. 006

R P BAE Y mean = SE, AT U A AR A A [R] A9 7 0E 27 A0 21 W) 25 5 ik B T R 2K F (Duncan’ s i E W KR, P <

0.05) .

Data are mean = SE, and followed by different letters in the same row indicate significantly different between treatments at 0. 05

level by Duncan’ s multiple range test.

2.2 K5 CO, TUTHEEHEWNBTLER
HHZERMm

Wk ANOVA 254 /3B 2 4 €O, 7K 3F (375
pL/L A 750 pwL/L) 3 A% Az 0 i ae Ak B ( 1 92 0F
P P | T I L R AN i e e )
3AELEMACK AL BAE X AR 1 ~ 4 i B A~
R R T I (3R 2) KW CO, W A7
Az 5 TG AR I 25 A S 30 R B AN 2 R T Y A
154 B 35 Y20 (P < 0. 01) 5 A 8F 2% 2E HHEAC A
UG 1 S AN R D 0 4 A A A A Y R TR
(P <0.01) ;CO, ¥ Ji FARIF A AR H AR Z 8] 19 52 B
A FH X A 057 5 A o 0 R 27 R D B A AE
BERFZW (P <0.01) 3 75 4 77 U5 M0 8 & A= 1A
Z RN 38 BAE FBR 3 i A0 % H e i 301 A A 4 ol
RE T AAAE R W B E m & m (P <0.01) ;{0
CO, e B A2 A 20 22 18] 1 58 AR AU A i 4
i & B DB A G B R (P <0.01) .

PEM R A EERIAE . 5 BT R CO, B
(375 wWL/L) A He, A B9 KA CO, e JEE (750 wl/
L) N, EE A AR A el R T AR
X BEAL B2 TR 5 1A B 2 AN 1 IR R
DI 2z (e A 0 2 22 v B AR5 3 AR B 3 A Ak

LR e/ (LR TS S IR N i L7 W (et = ]
W ueE L AU BF 2 W UL E B W R
W, (ELEE 2 FROMR B 2 % 4 U T b ) = I A 2
KL, 3 AUAT A A P B0 2 5 e s XA 1 AR
55 2 AU 3 W Uk B B, (H
5 3 AUA [ VR T 35 e A A 0 4 e UL
D s x4 W5 2w 45 21 Oy BE A T 2 AU
I 4 W R T DI SE A T 5 3 AU 4 e
RRHE PR LA AR 3 40 A
WF 4 Weas MU Do R I R A U R D
SR, KA CO, T ey fi 8] 122 7% 2 28 36 W0 3%
JETH LA 2 ARER 3 AU B R B
S0, i A A AR e AR AR A A T 3 AR
i B R A A D

23 CO, TUTHEEFEMEXNBHEEE
A

2.3.1 RS EEER, Wi E2 M CO, AR
AT 2 2B B RR SL W 30 X5 AR B 4 A2 5 R R, B 45 R
(F3) XMW, 5HAET CO, WIZAFAM L, 755 K<
CO, W& BE 5T bR B2 00057 A8 0 0 58 1 AR F
AR B R T RSN A 2 AR 3 AR I v AR i
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Table 2 ANOVA analyses for the effects of CO, levels, generations, Lysiphlebia japonica

on developmental time of cotton aphid

P {& P value
. . CO, e x
7 » o s s
n ; % SV .
o R R R B
Source of 2 WO LR} SR AEE AL - L2/ Bi! A A 1 b a
- CO, Generation Parasitic CO, x Generation CO, x
variation N CO, x Treat
treat Generation ) x Treat Generation x
Treat
1 # 1" instar 0.001 0. 000 0. 000 0. 000 0.301 0. 000 0. 041
2 4% 2" instar 0. 001 0.234 0. 000 0. 000 0.335 0. 000 0.253
3 4% 3" instar 0. 008 0. 266 0. 000 0.031 0.796 0.202 0. 007
4§ 4" instar 0. 008 0.509 0. 000 0. 009 0. 009 0. 000 0. 001
#r B Nymph span 0. 000 0. 003 0. 000 0. 000 0.165 0. 000 0.250

1 :CO, 7K (375 wL/L Al 750 /L) 2 A e folp it Ak 3 (o 4 00 S8 06 0300 IV 4 0F 5 6 Il 0 0 S oF e i ) 5 AR (5 2

3L o F 4T

CO, levels including ambient and double-ambient CO, ;stress of Lysiphlebia japonica including direct stress,indirect stress and no

stress ; generations for the three successive generational aphid. The same with Table 4.

AR ABE AT S 3 22 S5 () P A A e X A F A
FH AR A R

2.3.2 IREFFHERFE T JE—L0E T 2 Fb
CO, LT M 8 64 F B i AU ) % B, 5 H AT CO,
e AR BRAH B 7E R KR CO, MR SR E T, B
P A B I A A X 1 AR o AR 2
[F1) TG Sk 5 5 W, ) o A e I 3 A 15 2 X
S 3 AU 97 1A 2 8] L 4 A A 3
KT 3 AU BF H AP I [ (5% 3) .

2.3.3 MBAEBKEr, NMHEGaERSH
AR N B AR, LR B UE A
Z5RRD], 5 HAT CO, ok AL AR L, 16 KRR
CO, WREEZMET , BLH A A e Jo A2 1 A0 5 3
PO 0 N BTHE I, 03 B, )4 77 A e s
RS 2O 2 AU BLHE R Ak, e A i
fRBA LB FEMEL(ES)

3 i
R CO, WPE T 28T A mT o= g™
7oA RERAE T, DA AR B B4 D' A 1R TR A

LRk A L (C/N) (Williams et al. ,1998) , 5 KX
CO, ¥ Ji R 55 77 45 fin A 4 442 9 LA e ™ 5 A 32 1 I

AW (AR BT ) o BT R AR AR AR LY
— Rl R A= ¥ 5, Lindroth 4§ (1995) . 38 , 7 K<
CO, & Thim 254, FAMER ( Betula papyrifera ) H.
TR MR CO, W A KR i — £ .
Chen 4% (2005) & %3, K< CO, ¥k Z T 451
B BE DR BT A R R LA A Y B0 R 1 BT
AR CO, W AT RER . mH,
AT B B A 2R XS CO, e T vy w7 A [ (e 0
45,2010) . MY R C/N HRMRAY & A &, 2
Wk A 2 SO IR 88 1 O R P B AR
B)E 3% (Nicolas and Sillans,1989) ,
F, & F R CO, ¥R 2y T i 52 e A £ 1
B Al e R 1 T 58 22 46 R A R R 5T, X
FIRES WF 5 T AR B P AE R P A OC (Sun
et al. ,2011), Holopainen (2002) X} 26 Iji f 5 Wf
BT TR W], 6 T 5 K IR 0 Rl R A A, 6
T 58 X g B R AN ), oAy 14 TR R R &
I B 50, Hughes A1 Bazza (2001 ) %f 5 Ff i it
IR SE A B, 18 o KA CO, K BB 25 418 A [] b g
R e RO S N4 R, LA 1 R T BB
T3 1 RO X HAY 3 A S MR, AT I AR
Rk M EE CO, T Al AR W B0 B R WA T UR
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Table 4 ANOVA analyses for the effects of stress from CO, ,generations and Lysiphlebia japonica on fitness of aphids

P P value
R 1 ‘ ‘ ‘ ,
SH e CO, W x  CO, WJE B x 25k CO, ¥ JIE x At
E ; [ x %
Source of CO, W& AL 38 4 3 AR x 73 A W x 5 A W a0
Source of e Jilp 36
.. CO, Generation Parasitic CO, x i CO, CO, x Generation
variation - Gen X Treat
Treat Generantion x Treat X Treat
WA 0. 000 0. 000 0. 000 0. 000 0.019 0. 001 0. 984
IR R, 0.220 0. 000 0. 004 0. 000 0. 000 0. 027 0.784
A k) T 0. 000 0. 003 0. 000 0.564 0. 265 0. 553 0. 153

ARG B BB Z B A, B2, R
ZRBFFE R, KA CO, Vi BE TH o i 2k KR
HAMEIEAE L, RO RRAREBE R CO, ¥ B A 3
W ( Bezemer and Jones, 1998) . Fk {7/ 45 R 3+
W, 7E 8 KA CO, WRBE S5 1F T A AL AR 25 4 1 0 1Y
B R RN, AR AR B T M AR
i AR, AT S B AE T 7 KT 1 A X A
A B U A Wy o A 1 TG W 35 R, {HL S 35 1Y
TR R SR AR XA A A T A O
RFLCAAL B4 1l £ 2 A 3 o, T HL 34 g il
AR SR F R AR KRB S B, A
2 E B iE A JE (Kunert and Weisser, 2003 )
B Rh AR s 32 B 30 55 A8 A i S e o JC 2 24 i
o T N 2R B9 05 3, CO, ¥ B2 % i A% 3% fin &) 700
mmol/mol 24 B ¥ # T (IPPC,2007), 1A >
CO, ¥ Ji 722 Ak G faT 52 el K ) 38 76 9, H FI
ARUWARE, FATHWEREY], CO, e Rz
(] 2 A5 36 5 X0 A I o A R R, HEAR T 3
] T AN BEIE KR r, AR R R F RS2 CO,
W HE AN A A 38 J7 X 2 18] CO, e B2 AR 8 % A=
THAR =2 11 PR 2 B A 0T A 0 v BB A8 R T N B3
K, MAFTESR W I B 12, 3k 264 iy 3R L
H L AE R R CO, MBS, H i Ay Ak e il
S5 1 AR B 3 AU IR PN B R AR I T, T A] 4
TRCAF A B T R T BOER 2 FURR B P B K A
b, H BRI A B4 RFENE, BR, 5
IEH KA CO, WA, i i 4 037 A ¢
X % A HEAC AR JF A B0 R B B 8 35 A S
7T 150] 4 b i 2 A 3 1) T D04 T B 2 st 1 17 25 2
A 3 AU F N B KR 2 e, FRATT Y 25 2R

FEOM PN AR R CO, WPEZRAF T, 7 A2 e FL A%
AL L E] T PR A R T EL, R €O,
P JRE K 3 o R W) A A e A A AR D DT B2
M AR AR R T RO Gl A R R s A
R AF R A T B H o 173X i A2 1k 44 T fE
P R CO, MRS T R T TR S &,
(AT A AL X A 7 ) BT RS 5 A G, W TR A5
7, i E AR — 2R
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