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Direct effects of the elevated atmospheric carbon dioxide levels on the growth,

development and reproduction of Ostrinia furnacalis ( Guenée)
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1 Sichuan Agricultural University, Chengdu 611130, China

2 State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protect, Chinese Academy of Agricultural Sciences, Beijing
100193, China

Abstract: The level of atmospheric CO, has risen from 280pL/L to 360pL/L following the industrial revolution,
engendering a critical shift in global biogeochemical cycles. This level of CO, is anticipated to double by the end of this
century. By altering the chemical composition of foliage, the increase in atmospheric CO, levels may fundamentally alter the
relationships between insect herbivores and their host plants. In addition to the elevated CO, levels affecting arthropods
indirectly by altering chemical components of the host plants, many insects and arthropods respond directly to the increase
in atmospheric CO,level. The Asian corn horer, Ostrinia furnacalis ( Guenée) (Lepidoptera: Crambidae) , is a key pest of
maize production and causes 10%—30% yield losses of in most maze production areas in China. The response of O.
Sfurnacalis to elevated CO, levels will affect the population dynamics and its damage to the maize plants. Direct effects of
enriched atmospheric CO, levels on growth, development and fecundity of the Asian corn borer, O. furnacalis, were
assessed the insects have been reared on the artificial diet. The effects were examined in the closed-dynamic CO,chamber
(CDCC-1) under either ambient (375 pl/L) and elevated CO, levels (i.e., 550 pL/L and 750 nL/L, respectively).

When compared with ambient CO, level, the survival rates of the larvae were decreased by 3.0% and 8.9% under the two
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elevated CO, levels, respectively. In addition, the mortality was higher during the first and second instars reared under
elevated CO,(750 pwL/L) than ambient (375 wL/L). However, there were no significant differences among the mortalities
of the third and later instar larvae reared either under ambient or the elevated CO, levels (550 wl/L and 750 wL/L). There
were no significant differences in the larval, pupal, and adult weight among the ambient and the two elevated CO,
treatments. However, the durations of larval and pupal development were significantly prolonged respectively by 13.1% and
25.8% at 750 wL/L level of elevated CO, when compared with the ambient CO, level, which led to the longer generation
time. The mean generation time (7) significantly prolonged by 5.3% and 11.7%, respectively under the two elevated CO,
level treatments. Therefore, the innate rate of increase (r,) and finite increase rate (A ) were significantly decreased,
which led to the double population time () prolonged 9.1%. Although the number of eggs oviposited per female and the net
reproductive rate (R,) increased under the treatments with the elevated CO, levels when compared with the ambient CO,
level, the difference was not statistically significant among the three CO, treatments. When compared with the ambient CO,
level, the larvae consumed significantly more artificial diet (9.1% and 34.0% ) and or excreted significantly more frass
(42.3% and 42.0% ) under the two elevated CO, treatments, 550 wL/L and 750 wL/L, respectively. The results from this
study indicate that the exposure to elevated CO,: a) significantly increase larval and pupal development time of
0. furnacalis, which result in the significantly decrease of the innate rate of increase (r, ) for the population; b) increase
larval mortality, but the third and latter instar larvae were more tolerant to the elevated CO, than the younger ones; and c¢)
significantly increase food consumption, which may have led to more serious insect damage to the host plants in nature under

elevated CO, levels than ambient CO, level.

Key Words: Ostrinia furnacalis; atmospheric carbon dioxide; direct effect; life table
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Ffgm e A e C/N T IRAE AR S Ak 2= B A ) o e A e s S i v R R B R i
HET SR B R R A K R BRI AE DY Sy, KA R CO, ELEERY M R S P W A AR
DL R e 55 A 2 5 TR S8 A7 o ek 228 O, MR EE (750 pl/L) B v AR K AR 28 Bt Helicoverpa
armigera (Hbn.) #HUKNEFRY)B R E TR S & HESEI RGN, KL F S R ER, B K
FIFIBE R TR ARG WHE R CO, R N Ui i a8 S350 A8 ORI e ' i 22
EWF Sitobion avenae (F.) 1A PN LBk AH G IR BEE M 15 W08 HOGHH (5 23R A i [0 52 g 25 67 AF G | ] i 4L T ¢
PR 2 A B B S P Y L AR STRIRR S B UG AR CO, MR B T R i B 4% 5

WP E KIS Ostrinia furnacalis ( Guenée ) J& T oK A9 F B3 By 8 4815 Bl B K™ 10% /24, BB e F
B, IR 30% DA EEELEIL ) A KR CO, MR B T T KM A K & T A0 B 3 R MR A o DL 3R
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WHE 3 CO VRN B 375 WL/ L4 TR CO, KAL) L (550+50) wl/L #1(750+50) pl/L(FIKA CO,
WEE ST 0.5 A5 1.0 £8%) o AN TAURFENIRE : FI R (28+1) °C & MH] (27 1) °C 5 ¥JE 75%—85% ; It i
JA# L:D=16h:8h(L, 6:00—22:00; D, 22:00—6:00) , WYl F KL dAn]FR 25884 HAR 9 em YIRS
L, 3548 B 4 em [BFL, FLL 70 H AL WL R AL
1.2.2 Y FORIEFPREAE iy R S EO AT R e

W50 P T A A 0 40y 2R e AR89 N T ARDRE ) R B AN ] CO, ¥R N T A . B CO, MR JE Ak
i S FR RS AR 3R 60 Sk HAE 3 ¥k, AR B B4 T ARDRE IR0 53 2 P KR (R i A RN SE T 40, b1
S I B T AR CO, MR BE A TAU5AR T (IR EE (25+1) °C;RH 85%—90% ; YGIRE M L:D=16h:8 h) , 4 KW
FL4% COLHBE N R B BRSO , 85 25 RSP R e 101 FERHE TR R (11 emx 8 emx 8 em) H, 44 5
3% (A REFH/K ISR . B R BB 40 = R AR I F i Sy O i . AR 1) 55 25080 B} 0 R MR AR AN [R] CO, R
FE TR AR RSEC (£ 1),
1.2.3 Wi ORI A KR F I E

P50 P K IE A 4y R AL G B N TR iR RIRCACR TR CO, MR BN TAM0A . A4 CO, VR AL F
o B IR LKA 35 20 Sk@h iy, R 3 Wk 467 9 M A T AR T, BRKMEICRHY RN E TR ESH,
RP&)y Uk & Dy (4 Bk > Ok 2 AL T 0 R B0 &) U EE (AR T S AR EE ) 5 3 D 0 (P 2 K 1 5P Ak i
FIREL) I (PRI S50 2 KRR AR ) 5 AL A DT CRIL S B8 R ET - KAL) il AR TR (P 2 KRB ok
YOKHTRIRTE ) o [RIFHC R4S & B BB SR K BRI AR 15 5L
1.2.4 PN FROKIE Sl s F2 2000

FEM AR CO, MR I F R IE 4l d A K % BB Rl 52K 900 5 B B4 A T 4Dk, Bk it fif
S S Ak () B i WSO 4 e g D HE H 0 S R B e Ak TR FHLAR LT (80 °C,72 h) BEfEE IR E T
i, SR Waldbauer'"" FCE HUE W) FER R 0715  ARAE 40 SUN B 2 S T RO RUTE LR (AD) (B4
L (ECT) AR (ECD) FXTHAER (PCR) X AR (PCR) AN K # R (MRGR) (% 2) ,

*1 MBEGRSBEITEARK

Table 1 Formulations for calculating population features from x2 EHRYMIERITEAR
life table Table 2 The calculations for index of food utilization
S JAS O w N S
MBS HRAA 24 PHRA
. Formulations for L . .
Population parameters R Parameters Formulation
estimation of parameters e
SELE L /%
Ao At T %7 = ) — X
HHIBEAE R, Ry= Slm Approximate digestibility, AD AD = [(0 = F)/7Q]x100
Net reproductive rate EAZ /%

R T Efficiency of conversion of ingested  ECI = [ (W,~ W,)/Q]x100

T T =3xl,m./ 3lm, food, ECI
Mean generation time o
Yaekz Y i
o R o R = [(Wem W)/(0 - F)]
B R A Efficiency of conversion of digested
m ro.=InRy/ T food. ECD *100
Innate rate of increase ood,
AT TEFER /(mg ¢! d71)
| % RCR = Q/P
JABR IR A A A= o Relative consumption rate, RCR ¢
Finite increase rate ’ o A e 2% S1oq-1
f?fikj”}(lmg g R‘LR) PGR = (W,— W,)/P
. N elative growth rate,
IR AZE IR ] ¢
=1n2/ S Jk ; K- 2%
Double population time LE PR IR MRGR = (logW,~- logW,) /1,
Mean relative growth rate, MRGR
e TG () 31, 9 x BT AR A7 5y o x4 O RGN (mg) 5 F 5 IR (mg) s W, 1 B
IR S ™ B LT () , W, A U AR T (mg) s P oA A IR R T T AL,
g (d)
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(Y BT SOERZ et , e DI HEAT A SR RO ) | LA AL T 22 0 B 285K . G320 B33 ] SAS9.0
BAFRHEAT,

2 SRS

2.1 KA CO, MR BEXT I R EFPRE AL Ay R S EU IO T R A 520

KA COLVEEE/ ST 0.5 A5 AT 1.0 A5 A H T Al AL 0 BLE ™= B 1 43 50 4 191.5 KD AN 227.1 i, Ho X HE
177. 4 K 1 7.9%H1 28.1% (HA VR EE [T i & 22 5 (df=2,113; F=1.06; P=0.3483) , ¥ A[H CO,
W RE TR U TR B SEER R A A R T 4 FRAE SR (3R 3) , BARTE RS CO,VRIE (750 wL/L) Zb 3
TESE AR O R BT 10.2% B AR Z R AR E TR R E K 5.3%F 11.7% , mifd A
TR T 0 PR G 3R 0 SRR AR, RIS R 3 4K 9.1%

F3 AEXASR CO,RETIEMERIEFMBEEGSH

Table 3 Population features calculated from life tables of Asian corn borer reared under different levels of atmospheric CO,

CO, I SR SEHIECR PR B KK ST,
CO2 concentration/ Net reproductive Mean generation Innate rate of increase Finite increase rate Mean relative growth
(pl/L) rate/ (Ry) time( T) (r) (A) rate( )

375 63.56+5.11 31.61+0.25¢ 0.1314+0.0027a 1.140+0.0030a 5.275+0.1249h
550 63.03+4.47 33.30+0.37b 0.1244+0.0028ab 1.132+0.0032ab 5.571+0.1727ab
750 70.03+5.19 35.32+0.40a 0.1204+0.0026b 1.127+0.0030b 5.757+0.1577a

Ry: df=2,110, F=0.61, P=0.5456; T: df=2,109, F=12.21, P<0.0001; r, : df=2,109, F=4.07, P=0.0197; A: df=2,109, F=4.13, P=
0.0187; ¢: df=2,109, F=3.19, P=0.0449; = [FFHF )5 FREA R R Ab#ilin) 22 5% 8 3 (1LSD, P<0.05)

AR Y0 T KA A 7 B B SE T %, 22 1 40
AR RS CO,MEE TRy RIFFE TRl (K 1), &
CO, W EIAEE T I TR M4 B I ) b TR B

——375 ul/L
——550 uL/L
30} ——750uL/L

EE T AR CO MR, LA, KR CO, M B T % 201
AV YH T KR FE T 35 () 52 0 PR H: T A s ZSOR ) if S5, 0

ESgiane: 4
Cumulative mortality/ %

COLMRIE 750 pL/L WK FEFREE T 3 0 LA 4N 30T % b
ST MATAS COMIE ;3 I 2 M1 45 4 J4) s BE 7 0

| | | |

|
1% 21% 3% 4k Sk I

%g{"ﬂf»Xj(o ‘%%ﬂzy‘l‘lﬂi*@?’f 3 ﬁ%LJEqumg ]E#}Hf)lﬁﬂﬁﬁﬁﬂa‘%ﬂ
CO E/‘J fflﬁ%ﬁléjj i gi Development stage of Ostrinia furnacalis
2 o
2.2 KA COMEEXTE N FOKIE A K 2 B I RZ IR 1 REAS CO,RE TIMEKER T Z
221 RBHH Fig.1 The cumulative mortality of Ostrinia furnacalis under

IKZ@ j( ,%“ C 02 (ZQ E E/‘J i j]ﬂ ’ HE?J'I‘I ES ﬂé KIE Zj] E . ml—ﬁ i EE different levels of atmospheric CO,
L #%.df=2,6, F=131.41, P<0.0001; 2 #%.df=2,6, F=72.25,

R T IHAEE (K 4), SHATRTCO,  p.0001; 3 tik:dr=2,6, F=31.62, P=0.0007; 4 i:df=2,6,
ﬁk*ﬁtt’%g55o MI/Ithéi1302%§E§1<ﬁﬂ?§ﬂiﬁﬂﬂiikﬂﬁ, F=15.39, P=0.0043; 5 #.df=2,6, F=15.61, P=0.0042; .
L4l st R0 4 B AE K 10.3% Rl 7.6% , (A4 g /=26, F=2181, P=0.0018
225, MY RS COL MR BE T 1.0 A%, 4y s A 7
SR E IR T 13.1%H1 25.7% , T A 5 A S0 IR 22 SR 3 XU KA CO, kB2 T 3 40 I ) B K R 4Ty
HUFE ) R A
222 MK

B COLYRBERGHE , S K00 s I OB S P AT F I O3 (2 5) o BURFE KT CO, 3
SR T 0.5 A5 A 1.0 A% T 4RI R A I £ K BE 5 76 Y 1R CO,MREEAR LL , 4 VA 43 SRR AIK 5. 8% F1 7.5%
U 5 43 S RAARR 3.7% F1 4.8% , SR F S IBEAIK 6.7% M 1.7% (R ¥ 22 S R 2 SR, BRRE (1 4l HOF- 25 40
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KR ER TR (df= 2,82;F = 4.22,P = 0.0187) (£ 6),

x4 REXS CO,RETIHMERIESL) B GHFIA HAIEE HH RS5 FREKXK CO,KRETIMERIEL S MEF AL RIEE

Table 4 Durations of larva, pupa, and adult development stages of Table 5 Larva, pupa, and adult weights of Ostrinia furnacalis reared

Ostrinia furnacalis reared under different levels of atmospheric CO, under different levels of atmospheric CO,
CO, ¥ (/L) KB Fii Development time/d CO, ¥ FE (/L) MEIRE Body weight/mg
CO, concentration  £jj 1 Tarva i Pupa A Adult CO, concentration 4 1 Larva I Pupa S A Adult
375 14.5£0.2 b 6.6+0.1 b 7.4+0.2 375 79.2+2.5 59.8+2.1 38.0+1.9
550 16.0£0.5 a b 7.1£0.2 b 7.2+0.1 550 74.6£2.2 57.5+£1.9 35.5+1.4
750 16.4£0.8 a 8.3+0.3 a 7.5£0.2 750 73.2£2.1 56.9+1.7 37.4x1.2
L. df= 2,147, F = 3.35, P = 0.0411; Wil df=2, 143, i, df=2,153,F = 1.78 P = 0.1721; #fi: df=2,148, F=0.59,

F = 20.80, P<0.0001; @HM: df= 2,141, F = 0.93, P = 0.3996; [il P = 0.5538; /. df= 2,146, F = 0.75, P = 0.4764
GIECT JE RN 2 s 28 1LSD 46 24 5 1 3 (P<0.05)

2.3 CO, TP T K 4y B FR A5

5 MET R COL MR, 24 KR COLHRIE /3 IT 1R 0.5 4350 1.0 A5, 7 5 K e 4y H (%) BiC£r H Fn 2%
T RN R A N N 9.1% F01 34.0% , HEZSE 143 BN 42.3% F1 42.0% (£ 6) , [HXFEH) 693 LT
b B AR AN AER M KRS BRI L & 225,

R6 FREIKXS CO,RETILMERIEL B AE FRAL

Table 6 The consumption and utilization of food by Ostrinia furnacalis under different levels of atmospheric CO,

CO M ISENTY el N : : MRHHFER M AR
Cco conzent?ation/ Conﬁiﬁon/ :};I‘Fr;%% IR e ERALH Hi e R(‘]ﬁ[{*/%? RGR/ ¥ TR R
2 AD/% ECl/% ECD/% IR 21 MRGR
(pl/L) mg mg (mgg'd™") (mgg'd")
375 181.7+66.5b  68.5+4.4 b 62.71+4.37 52.60+6.57 46.74£3.32 44.14+1.86 16.09+0.45 0.1520+0.0034 a
550 198.1+85.7h  97.5+4.6 a 52.88+6.66 54.07+6.84 48.16£3.62 42.51£2.71 15.64+0.39 0.1434+0.0038 b
750 242.7+68.6 a  97.3x3.5a 53.34+3.53 49.68+6.32 44.96+4.14 42.92+2.40 15.27£0.42 0.1415+0.0053 b

B df= 1,57, F = 542, P = 0.0234; $38:&. df= 2, 82, F=17.31, P<0.0001; AD: df=2, 82, F = 1.31, P = 0.2784; ECI; df=2, 82, F = 1.08, P =
0.3458; ECD; df= 2,75, F = 1.27, P = 0.2932; RCR: df= 2, 82, F = 0.23, P = 0.7949; RGR; df= 2, 82, F = 0.90, P = 0.4071; = [{3|§ 757 AR# %
7RE LSD M2 5 B3 (P<0.05) ;

AD: Approximate digestibility, ECI; Efficiency of conversion of ingested food, ECD: Efficiency of conversion of digested food, RCR: Relative consumption rate, RGR:
Relative growth rate, MRGR: Mean relative growth rate

3 itig

HRTHIFTE A CO, M T 0 T+ B R A8 52 e 22 50 4y B R 7R B0E AR R KA CO, M T =7 0.5 %8k 1
55 (GEE 2 500—700 wL/L) FRbE F2E K 09 a7 BRI SN 14 K R B BB DL A IE SR A2 2 S
IRAZ B ZF FAEYI PR R CO, U T iy 177 A 1 38 R A AR A= B 4 A R A8 A 5 S A S B el ) o 1Y
BUB I | EL R TR R A B A RS S 2 AR AN [R], 25 RAEAE 4 5. AR CO, MR R A=
KBRS X A AL U IE A R R e A AU Junonia coenia BUEL KA CO, e B R K M2/ Plantago
lanceolata WFET- 5 I IN'>) 2 RAFIAER S CO,MRBE LI F 7= ORI AT, S0 ) 3 4 8 s %) 5 igf ot
MHFFHERRE CO, e BE I WF 5% 3 B, Acyrthosiphon pisum ( Harris ) 1E Vicia faba L. bW FHET %, Myzus
persicae (Sulzer) 7E Solanum dulcamara L. I BF0EE T, 1M Aphis nerii Boyer de Fonscolombe E Asclepias syriaca
L. Aphis oenotherae Oestlund 7E Oenothera biennis L.l Aulacorthum solani ( Kaltenbach) 7E Nicotiana sylvestris
Speg. & Comes AR A AR PEEANRR CO, BT (700 wL/L) Z54F FPAE SR 22 Beta vulgaris
LIEAMIA] CO, H&FE 15 3748 PRI B SR Mk Spodoptera exigua (Hbn.) 3R HAFSE 025/ T8 4 /K< CO,
VREE (350 WL/L) KE %A rh i R AL 207 i 24 4 HU7E R COVRIEE FL s ME 5 AR KA R, HLAF
5 5 L B B 5000 , e BUFE IS SR U 2 A5 DR SR Thichoplusia ni (Hbn. ) W14 B T4 K A1E
KA COLMRPESRAE NSRS Phaseolus lunata FEE, R RS IER RS HE T RA R EEE S AT
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TARHE RS COLMEEE R FRARAS s AF TG B A R 7 BRIN AT 45 R R , KR CO M T 4 R
N T AR K B4 B A A R R B A, R4l Bt CO, A3 v M8 v TR 4l AL, X AT fig 5 AN W]
U T4 ) A T T P R A SRR A O, BRI &y s LR 4—5 i & i 25 A5 0 i L P S AR G
BPAIRYIREE  H CO, MR BE B iZ R TAME RS CO MR BE . F ] UL, KA CO, Ve B2 T i WA Bk B2 e AR A7 R
SEMR RN TR B I SO A AR AN [R5

CO, 7RI B U I A =4, IRBE v = vk B CO, & B3 ) B2 e (R P fn A PRARE , i R A K R &
BBy BRI RE = AR S M, AN (] R H R Ak BT =G 7 AR IS R R A S R [E] = U COL, Ab PR T Blatella
germanica %K H TIIFER Y ;5 CO, AR i Acheta domesticus BRI ARA L, JG 8T Y KR HOE CO,
A HRF A KRR E LTI AR 2 5 R RS H, COL M B TS 1A% FARAS % il & & I 4E
KO RERA R ERW | SRR SU7E KRR CO, MR Hm B4 F A K A i LB, R & D7 4
KO REREBE PR B smoke i e A K T RS COLME A F T RYSE G EICE, Hof & o OE % R
B R R . AHFSE s BE R CO, ¥ B T a0 0 T R 4 ek ORI 0T SiE 4 | T B T i 5 ) R 22 R
A S VAR EE 22 ORI 3 (HL &) BT SA AR G A K 8 I SRR

JEHE] S CO, Ab FH B RR AT T B H B0 1 A5 0 E A3 2205 I OB 2 3R E , 48 2% sk BHLAS sg 2 ) k¢
(R HE H 2 A A0 3 I R BE T O A O A B RE AN % R BT T 7 A A LAY S —
SBEL AUTE ) CO, M BEAL B 0.5—1 h AT 7= B i AR Ak 3R ARG, 37 52 52 A PG ol R I R o i 8 4 w0 Al
MATRA COMEBETH R 1 A7 0F FIRFRAOARAS JURME =B =38 0 7.9% " . ARBF5E R/RBERS CO, M T+ =
S T KR F 7 B A S a3 AR 0 4G, N B ) B TR, R OR COL YR FE T nl BEAS
T ORI R e

1 CO, M EXT B AL A M ELAT KT AG | 2 A 7 T, FE A 0T 2 i) N A7 AE B AR K AR m ) 75 82
2L Z P A MEEE ST, Awmack F1 Docherty S50 57 B, 55 CO, A B —ANHEAL ) B du iy Dy I L-F- 3% A A8
b, Wi S b B 2 A AR, HoA K& F 52 B K A9 I ) Brooks WF5E 42 3 M HACAIIT B Gasrophysa
uiridula Y EE CO,(600 wL/L) AR (7 25 AR MfE ol 4 7= B i b 5 — 4R 309 5 Yin 25 WF537E
CO, M BE N AN T AR RMRI IR LE 3 MR AUAR AL He, 2550 R CO, X HAAR R AN &8 70 i AR 52 96 1 (L ATF
%1 CO,MRBE (550,750 wL/L) T, P FOKRIE— AR AE K BT B0 S e AE ar RXT A & CO, Mk BE
B 7, eF S 6 K W 37 252 22 A AR 75 X6 i C O, VR B A A () B R i) o7 38 A5 R tE— 2B A9

B8t - Rt 52 [ Al R A b B 5 AR AVE W 35t 4% B FRE 9T % L HU & 5K (USDA-ARS, Crop Genetics and Breeding
Research Unit) \FFI8 W K 2FAZ4% Xinzhi Ni 18 -8 B SO,
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