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TEE AMERE " RUGAH CO,MREE T e At R S R B DUORAMAE M U ZUh R R BRI, B SHEWE IR AE4R
THERZRUL, T B8R B CO, MR (390 /L 1 780WL/L) FlE U (A JC) %5 2 H 2% 4 hbIH | FoiAd S 5 4] M 58 pe
HEA 4 W RSORS00 B A E R FRCR . Uy 20 Hrds SRR, CO, W B 5 81 20 o A X ARk S0 gk gy ol B o
B BEZW AE T B AT BB 4l 2U6 S CO, He 2 AL PR % 3 GO 5 BT W8 85 T 24 Wi CO, ¥k B2 AL B 5 i 46 [ 4
BT, BHEcp ik 4 O CO, VBT 3% G B 2 S EL Y 1T CO, VR FE AR B R (A, 181 260 A X AR ik 4 4 & iU B 2R T
A BE T8 CO, MR AFRAY 4 14N i R T T 41T CO, WAL BERZh it . CO, Mk | 18 280 1A B B A o 4 e g ik 4 ol
A XS LR % (RCR) FIAE R AE K 3R (RGR) AT W35 5000, 46 2 1 CO, Mk BE AL T RSO 8k 4 #54) B RCR M RGR A .
[ R AL B2 (B0 A B 25 5 (AETHR COLME T, M A AL T () RCR #1 RGR B3 KT B A AL, CO, M & R H
5 [ A AR R RIS AL AR (AD) | 7E TG AR AL FR , CO, e B T AD B9k (B AEA B . CO, M THE T, H AD
WEATREAIG . CO, M B R 131 S PR A B 3 A B b W 5 AL 36 (ECD) TE s 58 M, AR 9845 3R S AMEIUE ™ L.

KRR COMRETH T ; BAW; PRI, FRIEH,; B AY+

Effects of elevated CO, and nitrogen-fixing bacteria on food utilization efficiency

in Prodenia litura Fabricius ( Lepidoptera: Noctuidae)
ZHU Min, MENG Ling, LI Baoping"
Department of Entomology, Nanjing Agricultural University; Agricultural Pests Management Laboratory of Ministry of Education, Nanjing 210095, China

Abstract; The “compensatory feeding hypothesis” proposes that herbivorous insects may increase their plant consumption to
compensate for the deficiency of Nitrogen in the plant tissue consumed under elevated CO, concentration. The empirical
studies however are not overall in line with this prediction. In this study laboratory trails were conducted in growth chambers
by manipulating CO, concentration (390nl/L, 780nL/L) and the nitrogen-fixing bacteria (NFB) (with, without) for the
common bean Phaseolus vulgaris in a factorial design. Prodenia litura larvae at the 4" stadium were fed with the bean plants
cultured in aforementioned treatments, and testedfor food consumption and utilization. ANCOVA results showed that CO,
and NFB had significant effects both independently and in interaction on the 4" instar larva in relative consumption (RCR)
and relative growth rate (RGR). Under ambient CO, there were no differences in RCR and RGR between NFB treatments,
but in elevated CO, RCR and RGR increased in the absence as opposed to the presence of NFB. CO, and its interaction with
NFB had significant influence on approximate digestibility ( AD), where AD increased in elevated CO, as opposed to
ambient CO, in the absence of NFB but slightly reduced in the presence of NFB. CO, and NFB treatments did not influence

BE&WH : BEA &M (k) BHF 35 (200903003, 201103032)
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efficiency of conversion of ingested food ( ECI). The results of this study lend support for the prediction of the compensatory

feeding hypothesis.
Key Words: elevated CO, ; nitrogen-fixing bacteria; food utilization; pest management; climate change biology

FIA LR KA COL MR BERE 23 Y HIT KT 380pL/L FHE] 500—750 /LM, CO, e B T o % i A1 i i
PSR BRI U R K R IR I R B C/NTS S (R CO, MR JEE T fe A i S 76 AS
Sk AE 25 AL SR C3 Y MR T % 15% 7 1 i SRS 8 B 2 B R CO, e Tt R et
SH, SRHEYI M R R R A R 7% TE S RHMEY A S RHRCR IR T, COL MR IE TR T R
VEFI =4 0 ] R FAPERS SR , CO, vk BE T B A 803 N, e R A A i 2L Bl 2 iE s ) Co TR
e [0 G20 1 20 T R X 18 5 B 3 e 400 8 R0 (9 45 SR AE — RGN S vh A ™ e A R
CO, T+ (FACE) &4 F , K. ( Glycine max ) 1 =5 ( Trifolium repens ) [& & AE FH 3G 58, 0 F 09 20 & & A B
R REN T A RS R A R R A B AT R B O MR TR A A R A —
S A AMEPE B R VRANEUE TR I (H R B 25 1 BUAE I R T B A AR R D22 (I 4, BBy < 8 FepM:
BV 25 T CO, 3 BRI i OB A ) i S RV R Bk B, R R SR A 1 B R f S5 A
XD 1 32 5] CO, e B FH iy R AR 20 RS SR Y7 A A Aol 1 ¥ %% ¥4 35 L B4R, (HAY
BRI X E) CO, M TR BUE SRR B 7 i, RO (Semiothisa cinerearia ) BUEL CO,Hk
FETHE R A A KR A R e s AR ( Trichoplusia ni Hubner) HUE CO, ¥R BT T AR AL A9 A1) & 5
( Phaseolus lunatus) B A KR R R ¥(EN CO, MR BE T T A WKAR =35 ( Lotus corniculatus ) X K8 ( Colias
philodice ) ¥ HUA 00 Karowe * B 9E 21 , CO, M BERG I GRHEY) C/N & C N IRAAS AR 52
B A C3 M/, BUE & CO, YR BE R M R JUBE Y IO 18 FR RO S Kk B RFIE 5 1E 5 CO, MR BE N A 1 22 e 1
AN BIE AR D 3E 4 ] AR B CO, Mk BE TN A A Btk 80 L B 728 Al XA £ 1 B A A S ) T X R
AT ] s A b T A [RI AR A T AT 7 A B 8 S AR AN — BT 1 ) 22 57

B ( Prodenia litura Fabricius ) J& [ 8XPEIERAY Z B E B2 EMEFE R GFEHEXVUSGRE L% EY
AT 100 FE 300 2R RHEBRUAS TR S —BAE 109%—20% , "k 35% LA I, S BORE L K
AR ERCR MR TR SRR R AR R BRI, 2T R AP R R T TR R
P A TP R SR ) S AR B 35 X6 CO, VR B T v i IO A 5 % il R AR 28 R e A B B2k, AR I LA ARH S ik
52F FHY 3 5L (Phaseolus vulgaris) 1, #8501 T CO, e BE T+ i % SR £ #A BLAE FHOC R 52, R AE
TCIEV AR AT IR R COLMRE T SR LI F (8 RS0 Mk i M 78 FR 800 K 23 W 351K T 21 10 CO, MR BE T 5 Ml
TEAT BRI R R CO, MR EE T SR EL I (RSO BRSBTS AN 23 5 21T COMREE A & 25+

1 #MR57FE

1.1 Rk

PERSE G A Ol VLR 81-6 5, HRVL IR RV Bl 2% 0 5% Bt B S 0F 5% BT 41 % 0 e 2 A U TR
( Rhizobium etli) CFNA2 ity F H1 R 5 4O K2 A ARk 2 2 B ik Wy e o s it . by 2 RSO k2 2010 45
K EVLIE R ST O XK S fE 3R B (RJE (24 + 1)°C OB 14:10h RH K (60+10) %) A T4k
Y EZ AU S
1.2 HFRRIE Ty

Fahraeus TCAF TR (8 FF4K ) :Na,HPO, 0.15¢, KH,PO, 0.1g, MgSO, + 7H,0 0.120 g, CaCl, + 2H,0
0.1g, Fecitrate 0.005 g,pH 6.5; Gibson ff i T FE EF IR > (4 L 4li7K ) . H,BO, 2.86 g, MnSO, + 4H,0 2.03 ¢,
ZnS0, + 7TH,0 0.22 g,CuSO, - 5 H,0 0.08 g,Na,MoO, - 2H,0 0.08g, I 7E45 T Fahraeus JCA 751 ik
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A 1mL Gibson fiE R B IR .
1.3 ¥k
1.3.1 XOEHE Ik

B 2 d SEE AT 0.6% 1 NaClO IETRIH % 1 min, SR 5 12 W76 7 B () 59 A= A 1 260 18 170 B TR
(WRPBEZY 1x10"mL™") H1 30 min ( FHYEXT BEAGFRF FH I ZKI2 30 30 min) , A0 FRJS 7ETC B 254 F AV T A Lk
TR 1 L, BTN IEA , HAR A 15Sem BAERT (S BEAERKE) R AE T AFAAFER A T5 6
AR N (ERIDUERAE HP300GS AU ) o SE86 44 0F MR EE (25+1) °C AHXHEE 60%—80% JGJEMI A L:D=14:10
(L:8:30—22:30; D:22:30—8:30) , SZEX 4 ALPE . ToE AR+ CO, W BE (780pL/L) |, [ A B+ CO, ¥
&, JCRE AR+ Y 1T CO, MR (390pL/L) |, U+ 24 1 CO, MR B . FRdl #4885 20 7, R AN A 5 bk, 12050
[i1] 45 Ab BRGETC TR 7K |, HLAS A BRAEAE A0 SR 58 1L A JCRR B FR T
1.3.2  CO, e 5 [ 0B ELAE X AR SO I 4l H 7 SR80 () R i)

BEALZEICE N T AR N 3R 2 3 AR A R RHaoi kgl ot 4 20 554 50 Sk, UKL 12 h 5 S8R iz
HEA DU A A2 35 Sk FREWI LA R (T8 2 BA RIS N 4 3T it AR B o b 10 SRR
RN T R AT g B T, A KBRS A BRI T BT e 5 T (1 R AR AR R 31 45
TR 2 JA L IR G M A 3 RS A i B TR AR 4 i HARUE Z > 0 R R D R SR
2%, HHU —AbBREREE T B8 28 50 R TR s O R AR SR A0 T 540 R BN Ak IR 4h Hi A R
BEm &, BRESHECE T A, BRI G R A R VR X BRI R S &l U 3648
BT 60°C FUTE IR HERS ({54 R, DGG-9070A %) AL 24 h JEFRE (Mettler L 7K AL204- 1C, Ji 52— K
BE) o LT 3 d, a1 d R T AR I I O AR (R 1) o 0 SRR I O, A T R ot T I B
ZEL,

RSB IR A R E S AR bR R 4 B IR R TR X E K% (RGR) | MIXTHUCESR (RCR) TR
THALE(AD) FTH AL B Y5 R (ECD)

1.4 BdEnwr

Z BT LR YR AR IR B AR T 2 80 , Wi Db 5 22 0k B RS | i@ by 225047, LA
IR IR T A PR, FAE CO, e B R [ 260 B Ak B RHE i ik &)y s R F S BB s A5, Ry T 5 LI A A
KMFFE AT LA, T2 FH G B JE T LU SR & R SCRAR BIGHIEA T A, 508 43 W i e A 738 24 i Be 46
Al 7 25 00 B B BR (IE S AR MO 228555 ) o Hodh otk RGR HEAT 9o F Ir AR S IE 3% 56, X RCR 47 A
SRR, R GE T sk e o b i Y

2 HR545%H

2.1 CO,5 R BRSO 4y U B 5 R0 E A 5 )

— PR PR 3BT B, CO, VR 3 5 T 4 A X AR SO M &)y U B Y TG S 35 ) (R o AR B 3 AR
(1), EXEAELIET, & COMRE T RIS kgl H iy B 1 2201 8 24 1T CO, MR AL HE T 1
AR AR B | 5 COL MR IE N RHACR g 4l e B B SCEG S 1T CO, MR AL 3 NN (&I 1) o [RIET O, ik
JEE X AR B 4y P 2 A TR R ) 2 (H B R R A R (3R 1), 5 COLMRIE R RHSUi ik 4y H 230 R
HRTUHT CO MBI T A (& 2) o
2.2 CO, VR JE A Z B RESUR IR S B R ORI 520

CO, Ve B | [ 5 1A B I A X RSO i &)y H A X UL 238 (RCR) FIAH X AE <% (RGR) A W 5w (3=
2) TE4HT COME T , RIStk 4 140 9 RCR Al RGR 764 5 0[5 4 B Ab ¥ 22 6] 3% A7 i 25 2% 5% (HAE CO,
WETHE T, LE AR AL T RCR A1 RGR B3 KT B A AR (K 3), CO, MR IE & H 5 [ & W BAE 5
TR RIHAE R (AD) (£ 2)  FELRMA AT, CO, W E TRl AD 35K (H7E A B A B, CO, W T+

http ; //www.ecologica.cn



336 JAE = 35 %

F i AD WA R (1 3) o CO, e E S 200 AL B e AR (ECD) A M (] 3)

F1 A CO,REMERELER ML REN FREEMEEEN —REERBSH

Table 1 Parameters of the simple linear model fit to consumption and finial body weight as affected by CO, and NFB treatments in P. litura
PURIGYST AR EYi Prifisin , P
Observation variable Variable Coefficient Standard error )

W I Intercept -0.01 0.03 -0.40 0.69
Consumption VAT Initial body weight 2.85 4.39 0.65 0.52
= CO, Elevated CO, -0.005 0.06 -0.08 0.94
[ % NFB 0.08 0.07 1.10 0.28
VIAE x 5 CO, Initial body weight X Elevated CO, 3.12 9.05 0.35 0.73
WK x [%%( A Initial body weight x NFB -1.00 9.34 -1.07 0.29
= CO,x [E % Elevated CO,x NFB -0.02 0.01 -2.41 0.02
UL Goodness of fit R?= 0251, N = 49, P = 0.002
AR Final body weight B Intercept 0.002 0.002 0.87 0.39
WA Initial body weight 1.21 0.34 3.56 <0.01
= CO, Elevated CO, 0.001 0.0004 2.51 0.01
6l A NFB 0.0005 0.0004 1.18 0.24
EE Goodness of fit R?>=0.218, N = 72, P < 0.01
0.050 - 0016 ..
0.045 | — EEAE o éIE;J_COz o
---- AR » FHHCO, .
0.040 | . 0.014 - a2t
2 0.035 . o Y e,
2 0030 R g@, 0.012 - W
~ Ak -7 o
&£ 0025 .. &5 o2 e
=2 . K= 0010 | I
(S 0.020 | HE & - .
0.015 | n .
0.010 | 0.008 |-, . -
0.005
0 0.006 L ° 1 1 1 1 1 1
0.0055 0.0060 0.0065 0.0070 0.0075 0.0080 0.0085

Mz e : =
Y Hi CO, Ambient CO,  FHi CO; Elevated CO, YRR E Initial weight/g

Bl 1 CO,%REMEREX RS H4 HEEEHNHm
Fig.1 Effects of CO, and NFB on consumption in the 4™ instar

larva of P. litura

B 2 CO,KEF NFB X #14Ri 4 #h4h RS
Fig.2 Effects of CO, and NFB on body weight in the 4" instar

larva of P. litura

SRR ME PR HELR Bars are the standard error of the mean ML YT CO, He FE AL H The dotted line is the ambient CO,

treatment ; SEZRARETHE CO,ALHH The solid line is the elevated CO,

treatment
3 g

XA KR (RGR) A 3o PR X AR £ P B ol P T B IR & 7 I ) 99 T 2585 PP 48 7> RGR
R LA AR B B PR ) PN BB TH AL O R L AL i A BB IR I BE i, AR R L By, ARTEEs R 3R
B CO, e HE 5 [P S8 B 42 0 3 LA TR RGR, 7ETC AL HE T, & CO, MR AL HE T RS0 Ik 4l U R
2R Fr R BT AL RE 3 5, RIAR XTI I AR R (RCR) I RUH LR (AD) 83w, AR B ief
H(ECD) 25 A ., BNRCE & CO, MR EE T B2 F i 1)t AT e IR B2 AR WAL A 8 e e Al Sl M, (B
A I RGR R AT3AR T LAAT HH DL 2538 AR TC I U A5 1 N IR R COL ML N AR R AR B A A &)y HUBCR:
I, E SR AR E S, CO,MRERTRI SR g A A, B, A R AL BE T | w5 CO, e B XY
SORIE S 5 21T CO, Wk BEAL IR X RSO 19 RGR FZEMAIEAN R, &5 CO, MR BE T RHSUR IR =
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Fr AT R (BT AR I P A ST Bt =7, 4B RGR R B IR AN IR, e CO, kB2 A PR OR I 25 MU REEUIR

RSB E TR ARCR

R2 COREMERHLMENNUBTBRVFARELMHHTESTER
Table 2 ANOVA results for effects of different CO, and NFB treatments on food utilization parameters of P.litura

e TSR pe e LR . .

Observation variable Source of variation dr Standard error - quare

FAR D CO, 1 2.16 2.16 6.95 0.01

Relative rate of comsumption &% 1% NFB 1 3.38 3.38 10.88 <0.01
CO,x[H %K CO,xNFB 1 3.81 3.81 12.27 <0.01
5% Residuals 66 20.51 0.31

PELE AR CO, 1 4768.10 4768.10 18.48 <0.01

Approximate digestibility [ % NFB 1 152.30 152.30 0.59 0.44
CO, x[E & H CO,xNFB 1 2557.40 2557.40 9.91 <0.01
5% Residuals 66 17025.50 258.0

HILBE AR Co, 1 163.50 163.50 1.51 0.22

Efficiency of conversion [E % NFB 1 188.60 188.60 1.74 0.19

of digested food 5% 7% Residuals 67 7245.70 108.1

HX A @ €O, 1 0.09 0.092 8.02 <0.01

Relative growth rate &% 1% NFB 1 0.16 0.16 13.92 <0.01
CO,x[E % ¥ CO,xNFB 1 0.17 0.17 14.79 <0.01
5% Residuals 66 0.76 0.011

O ZIEZF 5 iR Data were arcsine square root transformation; @ 28 H SR X4 4t Data were natural log transformation

0.45
0.40
035
0.30 |
025}
0.20
0.15
0.10
0.05

XA KHE RGR

Relative growth rate/(g-g.d™")

— TEEH

70
60 |
50 |
40 |
30 b

B LE AD

Approximate digestibility/%

20
10

U CO, Ambient CO,

F}1& CO, Elevated CO,

AL R 4% 6% ECD

Wl CO, Ambient CO,  F| CO, Elevated CO,

FAXFEURE RCR

Relative rate of comsumption/(g-g™'-d™")

Efficiency of conversion

of digested food/%

2.5

2.0

0.5

30

25

20

15

- AT
WHj CO, Ambient CO,  F|iH CO, Elevated CO,
WHT CO, Ambient CO,  FH CO, Elevated CO,

3 CO,REH NFB X £ 40% i 4) B 24 F) A R8I #
Fig.3 Effects of CO, and NFB on food utilization efficiency of P. litura larvae

AR L5 R Karowe ™ (UG5 R— 30, By T RME Y 1T LU R 200 B AU AR, 76 CO, MR E T
e SR A R O L I E S AME Y R B R IR E SRR B M 2, BEADTTEA R R
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PAECE CO, ¥ BE T T 2 LA B2 75 0 ( Lymantria dispar) %1 RGR B 63% , # MK 35 & B ( Malacosoma
neustria testacea Motsch ) #) RGR F [% 25% "> ; #3534k ( L. dispar) % L BUE CO, TF i F JCHE AL R ( Quercus
petraea) I}, RGR F#A% 30% ', BUE 1L 3 ( Vaccinium uliginosum ) ()53 508 ( Melanoplus differentialis ) 78 CO, H &
FFE T (650 wWI/L) RGR AKX 40% ', A E A B A AL EE T, % CO, M B RIS R4 A RGR X
URFE 13% , 55 251 CO, M BE AR PRIE R IF A B35 MIAETC I U A1 T, CO, M RE T e BEA I AR ik 4l 1R Y
KA XS SERTTF 2T COME TR AR BARL C3 MMM & B 8 RIS R AR —8Y , seHR
PR ] RS AE TCIE [ AT, CO, M BETHE NS GG C/N L& AR A8 Rl e 2 U vk AR AL 6 0 2 1 g
0 A 2 s B, AN Zavalal P BFSE A LE CO, W E T (K E FACE 240) F HA 40 H (Popillia
Japonica ) SR KRG 7 A F ORI, JEL A2 CO, B2 T g OR 2 28 P i 0 Al 0] e ik e A T I, SEA ) 7 R e
FOHCED , [R1IRF I Rl 7 B0 1 At (2 R PR RORCEE . S ARASTR (U I | 10 75 285 SR I

AGREAIITE 1 1 CO, MR 55 1] 0B A BN RS0 Bk &)y BRS3034S ek ) LR, T A7
(9 CO, M T R A SR A 85 H B HU A2 RARAIT ST 1 B B A RE AN AR 3 SRR AR, 2 R AN [ AL
T T ELASTR] () B O R [ AR (0 B 2B T SRR AT RE SRR PO BN — 2B W] ABFSE CO, Vi B
FhEx e GRHEY Y B R 2 AR e 1 SRR GRS AR TR Y A A R (BURZ R
BORE B L HU) X CO, MR BE T 55 A (4 e 1

Bt : o mURO R A LR AR o2 e 8 A0 ZE B (L 11 8B R R AL PR AP o B R e | T DA — 20 i
25T B, RO
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