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Responses of tobacco associated with PVY" and tobacco aphid to elevated

CO, concentration
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Abstract: Atmospheric CO, concentration has been proved to be increased in the future. In this study, responses of tobacco
plants to stress from the tobacco aphid, Myzus persicae (Sulzer) or PVY" ( potato virus Y) , or stresses from both aphid and
PVY" combined were investigated in OTC ( open-top chambers) under ambient and elevated CO, concentrations. We
experimentally examined aboveground biomass and foliar chlorophyll, nitrogen, non-structural carbohydrates, soluble
protein, total amino acid and nicotine content in tobacco plants under elevated CO,. The increase of tobacco biomass was
alleviated after infected by PVY" and aphid under elevated CO,, while no significant difference of tobacco biomass was
found under ambient CO,. Significant higher nitrogen content after infected with virus or by aphid + virus and soluble
protein content of tobacco after infested by aphid or by aphid + virus occurred in elevated CO,. Moreover, significant higher
nicotine content was observed in the tobacco with PVY" -infection in comparison with tobacco with aphids under two CO,
treatments. Our results indicated that both PVY" and tobacco aphid are major factors influencing tobacco yield and
constitution significantly. The significant lower biomass of tobacco after infested by PVY" + aphid under elevated CO,
suggested that inhibition of PVY" and aphid together on tobacco growth would be stronger in future elevated CO,. Under
elevated CO, condition, both PVY" and tobacco aphid would continue to play adverse role in tobacco production. Moreover,

higher CO, concentration would strengthen the negative effects of the two integral agricultural factors.
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A M T FEATLISE, KR CO, M E 2 RIFH 5, E 4 H 280wmol/mol F+%] T 2005 4E ) 379 wmol/mol , 4 IF
J¥ VL L AR 1T 2 /i 650 000 4F S 4k A o HEBTI, ZEA 48 R KR CO, ¥R 3 /0 £k B BLAE i — 5
KR, CO, Y TR 1 B BRSBTS RGN A IR TR A KRBk, 8 52 21
& EBUF AR E R LR, Tk, B AMEE R CO, BT i R SRS B A% 14 T VR4 7™ 8 b Joj ) 7T
BEAR kAT T R BB

HAEL ( Nicotiana tabacum L. ) BER—F ) Z IR ALY, LR 2R ERNETHEYNZ —. W=
TR A P R R R E R R e R R . o, DRE Y JHFE (potato virus Y, PVY) 2
— T AT R R R R RHEY I SR B ES. W, EARRET,PVY FELL
HRF (BEEE) (Myzus persicae Sulzer) SF8f B LIARFFA T AL LAER, B TURZEBR 49 ARG T A F)
KM LR R R INME EBAE EFN M PVY BT B R R R

TYIRFAE RN A S RGN ER R F2Z— , XY B0 32 2R K 56 1, 56 T4 0 3 0 JH 5

GBI E A RS (B CO, M T YL T M BRI R A B IT AR D . Matros"'™ S 58 T

COMRBETH R TR T R Y e (PVY) B R RO A Y AR A o SR, Ko X M B A B B2 0 0 A %
FREEAE S B0 A , WFFS N AN B B 3k R A T A XS CO, ¥R B2 THR A LA R IR TE

A LI TELER] CO,MBERY OTC Hp, LIFEIE A COMKBERI BRI CO, 9 BN EEALH K 7, [’ A &
Y 555 N #R(PVY™) AR 6 F 7, BF5E T MHEAE PVY R B3 £E T X CO, W BE T+ = A mal B, LA 3
[ AR A REE R : (1) RRANAE COMKEET , B4 Y i dE N AR (PVY™) RIS K A [ 4 A dn T 2
ARIHE R R (2) ARANE COMRBET , M FEAEAE Yy 2 FISF e At R f38 F JHL 78 37 i o0 B Bl A ) o dn g 22
7 ABFSE BTEGOR AR KR CO, MK BEFR T , M0 B 2 A I X MR B 0y AV = B AN, oA ok 2 R4
AT JH L 1) A A AR HE LA AR LA R A B 3 o R L 7 A ) 42t T
1 HREFH=E
1.1 FHAR=E

AER eS| CO,MBERIT A ZE (OTC) P ikfT. REM TR BF K&+ ER =B sh Y5
Prask i i . 2% B il CO, IR \CO B ER REFMIFTAIIE =REHM . HAp, FFHALE
NS HESR VEE RE AR R DU AR L IR 2 4> CO, ¥R BEKF-, B B R CO, ¥ (CK, 375 pl/
L, Ambient CO,) A5 HET 1 549 COKEE (750 wL/L, 2 x Ambient CO,) o 4/~ CO, WK IELLFR S FIE 4 1
OTC AT AL T 4 MEE, KBHE, HX 12h @S, FEERER K H 3 CO, 3 BE73 70 (376 £22) ul/
L FI(754 £33) ul/ L,
1.2 ke
1.2.1 A5

L@IH Nicotiana tabacum , 7K€ 401, JEFH G T b AR P B AT BT AP BB PR poL o 2007 46 A S HTE
BEFRNER,2007 427 H 7 BBRZERE (B & =10 em:12 em) . 7 A 15 H (ZEME R 5—7 W)
BEE CO, AR OTC . 9 A 14 H LAGRIRNEEE R BRI EE (1 JA)5 FUSCRE 3@ 1 2B M KSR B8 58 AE A
IR IR N 100% ) ;9 A 15 Hikd, 10 A 15 BB (ZHME Dy 11—13 i) . X5 1 5%
7t g =81, B TRRENBEIRE 16 &, 54 1 R, K5HE, 5R%EK 1K,
1.2.2 4R

HHYF Myzus persicae, 5% B o E L # Be it e E ST B o 55K [B] 9 T0 38 iU B fh T2 NI 55 2 M H
P RPN AT
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1.2.3 K H

TS Y JiEE N Bk, ok B BRI AL A B R BT 25 @ L S .
1.3 a3

REAL A 3 METF, 4 2 DKF(FE OTC P 2 RS CO MK BEKF:375 wl/L #1750 pl/L, 28 Hff
PVY", REHFEE) JER 8 b3, KR BRI, B MM ESR 4 )R(4 4~ OTC ER) , BAHEE(OTC
W) B4 —Ab 3 3—5 ME, BRI F] CO, /KP4 DM RENEFREBCE, DI S E 2 8] PR 151 ) 22
St FFTARSIETA 80 HY WM EM, LBk HB RERA . SHREFEA 80 HJe e M = 24, b1k it
b2 (51172297 S48
1.4 $54R0E
1.4.1 JHEH EFEYENE

RIGESRG , A AL B E 3 E R4, A 1/10 000g KAFFRE, 2RS40 AL &
1.4.2 B RNE

WK A AR ER R A, 7E 80°C T HELEMEME 72 h ML T iy R BRI BB A, 50, MEM A A& &
R FAYLEC E RAHEATIE ", M8 SO E R A DNS 3£ R F AT b R E S D i
e, BRI R AU R W R PR RR AR & AT INE o MEARIAE R HPLC 3
L5 Geitar#r

JH SAS6. 12 (SAS Institute Inc. USA, 1996) Fi1 SPSS 13.0.1 (SPSS Inc. Chicago, IL, USA) G&it4#rik 4
SITAL BRI B 1 B2 5 AL A 3B ] 1 22 5 B MR T LSD K. B TR, Se kAT
& M BRFAR , LA R J7 220 T B ESR (BN BUR A& IEAS R ) s b, X8 2 B0k T RIE R etk o
2 HRESW
2.1 MM E S50FYIEK ANOVA J3#r

CO, ¥R BE MHFERHE (PVY™) (KEWF K 32 BAE R AR B = 5 A2 BRI R e ) ANOVA 34 5 (%
1) R, CO, MR BT I b Wi HI S ELAE I B CO, & BE R B F9 52 ELAE R X Ml 5 7 B 83 R 5 CO, YR BE X
BAAWBERZE N ATEEEAR AERSBEABEX REN LA S B R EERTEY
A BEN N R E R R B B B BRSO R R IR B ; CO, W SRR RIS EH
VB R @ AR B0 ; CO, YR B 5 3 i 32 BAE X B A BB B2 500 ; i B AT IR I 32 B
YERIX BB AN RS R A B E R ; CO, ¥R B | 7 B R 3 S ELAE IR BR300 5 CO, ¥R B2 FIAR 52
o X MR BB AR B R

®1 CORE.JAERH(PVYY) EFURZE A EEEYERLEWRGZINA ANOVA 5347
Table 1 P values from ANOVAs for the effects of CO, level, tobacco virus (PVYY) and tobacco aphid infestation on the aboveground biomass

and foliar chemical constituents of tobacco

€0, R Rak i Co, x V €O, x A V xA €O, xVxA
'co, 2Virus( V) 3 Aphid (A)

b b4 A )i Biomass 0.025* 0.079 0. 000 *** 0. 003 ** 0. 000 *** 0.128 0.137
4% Nitrogen 0. 000 *** 0.027* 0. 000 *** 0.121 0.001 ** 0. 320 0.218
JELE M PEIE TNCs 0.920 0.009 ** 0. 000 *** 0. 602 0.000 *** 0.041* 0. 000 ***
T M2 11T Protein 0.034* 0.007 ** 0.232 0. 882 0. 121 0. 435 0. 852
Wi B SRR Amino acid 0.037* 0.018* 0.003 ** 0.029* 0.183 0. 003 ** 0.835
142 Chlorophyll 0. 624 0.000***  0.768 0.291 0.376 0. 891 0. 389
JHBE Nicotine 0. 000 *** 0.000***  0.371 0. 365 0.283 0. 100 0.784

1 CO, ¥ BE (X HE CO, e COLWREE) 5> it (R BRI d BRI R ) 5° S sy CR BRI AR AT ) 5 %, % %, % % SPHIFOR I F 94
FEBT P < 0.05,P < 0.01 il P < 0.001 iy 5 E/KFE
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2.2 JEEE

ARl COYRBET , Jo7 Jo M (R AL MR 6 W7 R 3
WAREIERL W R E R P AR E AR BN 1 BF
o B 1R IEART COYRBERMT , AR ER
TR A Y B 5 TR R WA AH iR, A B
(-1.2%)(F=0.06,P = 0.8124) ;R A Y ji5H
(+3.1%) (F =0.34,P =0.5665) f1 5 & A &
(+1.8%)(F=0.34,P = 0.5691) [ HHE b | Zp4r 4=
WEMXN FLHELTHMLEEZERBARE,

TERFINAE COMRBESRM T, A% &y F W=
(-12.1%)(F =6.52,P =0.0206) fif5 %4 HAL B i
JHEL( -29.8% ) (F =37.02,P < 0.001) # | %404
YA T JCEE TG R A A 2 (%o FR ) R 2 PR A 5 T Uk
ROREY RENHEAY RS TCHE TR A L
B AL AR B E( -5.9% ) (F=0.86,P =0.3652)

0.1 o Bk 2 i w F
| —
g Z
£ -01}
[+ *
M 02
x
o -03 -
0.4 ' '
IRHECOLKJE fEICO MR
Ambient CO, Elevated CO,

1 FA#HCORET, AUHAEREBL. FHATNLE
ki LS EMBEES T EL BB RERE LB EMEML
BRHELNE S

Fig. 1 Variation ratio of above-ground biomass of tobacco with
aphids, with PVY" and with aphids + PVY" compared with that
of healthy tobacco under two different CO, conditions

LR A RIRREFINVERAEIT P < 0.05,P < 0.01 Fl

iRl CO, ¥R B AL 30 LA BT, R CO, Inf e, ToFE P <0001 IBEAKF

FTH LB (F =2.91,P =0.1139) YeF 4038 (F =0.00,

P =0.9603 ) FiigF > ELLFE(F =0. 63, P =0. 4394 ) f M Fith b A= Y& AT T B Al CO, ¥k B M AR (b AR5 B
KB BA TR EE L -3 LR B ERR(F =35.89,P < 0.0001) (E2),

04 -

02

L

B 433 Ratio/%

sl &R
TNCs Chlorophyll

6 | | |
M EAEYR ARHED AR

Mass Protein Aa

AR

Nitrogen

B2 THLREE S EWERLFNRT CO, MR E NG 5L

Fig. 2 Responses of above-ground biomass and foliar chemical constituents of tobacco to elevated CO, concentration

LT AR FRERBEIT P < 0.05,P < 0.01 1P < 0.001 fBEKFE

2.3 MEEALEYR

WiRR COMRIET , MR BF R 30 5 IS A A W B s B LB L 3.

(1) BAER

TE EHT COMRBEARAFT , 0 F 0 35 A MB35 SRR XS T O 0 A 38 (3 R ) B B3 (F =3.95,
P =0.0653) ; MR D E Y i5RE (PVY) EE S AR (F =6.72,P =0.0190) A A RAL B A E & A2
(F=6.78,P =0.0192) 55 T8 6. HAbBIAH AR B E T+ .

TERT COMRBEARPFT | YRR AL I AU HR #E B SR (F = 0. 04, P = 0. 8473) HIXS FTRAE To st (4028 (X4 )
AR B3 5 (5 WF R 3 F M %A R (F =28.43, P =0.0001) 1A A HUI 2 & R & (F =33. 86,
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P <0. 0001 ) AHXf F IG5 T0 HL AL B (X AR ) B E T+
O#i @ ws Wk -

03 7 BRHICOMK g
x X
$
#
xR
[ind
*
-0.3 - ok
-0.6 | | | | |
BR E[B2P I AREER W S A ok
Nitrogen TNCs Protein Aa Chlorophyll
1.2
FEHICO MK E
. 06
L
R *
& % *kk
N %
m 0 :
. %
*
o sk
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BR E[B2P I AREER W S A ok
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3 EMCORET, AUHAERERR URAENEABTERUFYRAESAELHBRERLEYRSENTUNES L
Fig. 3 Variation ratio of foliar chemical constituents of tobacco with aphids, with PVYN and with aphids + PVY™ compared with that of
healthy tobacco under two different CO, conditions

LT A RIFORETFIERAEI T P < 0.05,P < 0.01 fl P < 0.001 fry @K

Pifh CO, W BEALTE EU BRI, e B2 CO, it , JosE o AL B M 55 35 R (F =2.45,P =0. 1397) (&
2) MBI RE(F =0.30,P =0.5921) AR LA .35 5 T 5F o M 55 R (F =39.50,P < 0.0001)
A RAFHEESRE(F =27.02,P < 0.0001) BET

(2) SHiE

FE B AT COMBERM T, A Y BN FHIME (F =4.36,P =0.0608) I L Y fREE (PVY) B
(F=0.02,P=0.8996) fiA A RAHKMEE (F =0.01,P =0.9191) M7 &R T I05ET0H A2
(X)) BRI A B2

TER COMRPBERMFT , AU R FEHIMEE (F =181.80,P < 0.0001) ARG LR E Y i (PVY) KIMHE
(F=33.14,P =0.0001) fi5 7 A RALFH ) MHEL(F =188.78,P < 0.0001) M H&¥EEAEXT T ILEIL R KA
H (IR ) ¥ 282w,

P CO, R BEARBRAH ELAL, 24 CO, M%7 %F BN 5 M 5 (F =84.42,P < 0.0001) FiA A M
(F=23.81,P =0.0002) M F &8 B K B2 FEA 5 T o3 T L AL BRAR 2 (F =31. 95, P =0.0005) (& 2) I
RERMHEL(F =7.46,P =0.0171) R i S B/ BE TR

(3) MM B 1 R

FE BHT COMPBERM T AR RO FERIMEE(F =1.67,P =0.2444) FHA HAFKMEE (F =0.00,P =
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0.9957) S 4L Y WiEE (PVY) BMHE (F =0.54,P = 0.4899) & H & &5 LF T R AL HAH H 81k
HARBE,

e COIRBERMT , AW BN E MR EE A & EAHX TREIC R WAL (X)) A B (F=0.19,
P =0.6803) ;{HE&H: PVY JEEEMMHEMED S & (F =4.89,P =0.0456) A RA RAHMHENED &2
(F=44.89,P =0.0005) 5T R AL IEAH L B &S .

PP CO, MR BEAL B LLAS R, X CO, hnfat , TR XA B HEE A& (F =2.33,P=0.1779) (& 2) .4
By EMEEHE(F=0.25,P=0.6361) JFHEEHE(F=2.32,P=0.1784) FHAFNHEELDE
AL AR 2 (F =0.28,P =0.6163) ,

(4) JEr AR

FEHR] COYRBERMT , AR AEMNHEZAEREE(F=0.52,P=0.5123) ; L SRE Y WE
(PVY) IRER RSB (F=1.36,P =0.3086) A HA RO HEWEEHNEAEMRTE(F=0.46,P =
0.5271) 5TCETC R AL FHAH LA B2

R CORBERGT , AU EANENFEERERTEDER T LELHWLE(X]) (F=23.19,P =
0.0048 ) ; BEHwii B M B E AL R & BAHXS TRE R R A3 (X ) & FHE (F =30.28,P =0.0053) ; 5 &
AHAEAFEEEER S BT BEE(F=0.02,P=0.9003),

FEPIFP CO, YR BEAL3H LU AR , X4 CO, hnf% , TR TR AL (F =0.19,P =0.6825) (& 2) H¥f R E (F
=0.97,P =0.3622) YL HEL(F =7.38,P =0.0531) fi5 A FHIHE GRS E(F=1.98,P =0.2187)
ERABE,

(5) JErt 4R

EHRBIRR COWRBERMT , AR ENRET SRR SR (F=7.74,P =0.0497) | BRJin 7 1 M = 0t
GESTE(F=10.94,P =0.0297) KA A HAEMEE M ZE S E(F =196.60,P =0.0002) tHX F L& T
B (3R ) B E R

FER COVRBESFM T , B o M M B A X F Jo 7 0 A0 3 (X R ) B AR (F =12.92,P =0.0229) ;
AGFHNEREE SR GTE(F=3.43,P =0. 1375) fIARFA BB MWE(F =4.04,P =0. 1147) 5K
IR 5 T07 T0 B R AL FEAR L AR AU AN 3

TEPIFT COYRBEALIE T , 24 CO, fnf& e, Je g M E 4R 2K P 3 TR (F =8.06,P =0.0470) ; TH TR
HIALFRIHE (F =0.13,P =0.7400) (& 2) FiA 82 3 (F =2.81,P =0. 1691) By M F -4 2 K-F T &, (HA
BE ;FRAF(F=7.14,P =0.0557) WHFEH R KF LA BEARE,

2.4 JHEARHR

TEH G COYRBESAFT , 75 M 1y 5 190 8 B Bk - A X T TG 35 o He B A0 3 (X BR) B4 AR B35 (F =
0.77,P =0.3933) ;MY LR E Y 753 (PVY) WMHE S & (F =8.35,P =0.0112) B HA HAL I
ELAGE & 2= (F =8.05,P =0.0119) 5 T3 o M AL FAH L B2 38

FER COYRBESRAMT , AW o FHE WS S8 & & (F =0.00,P =0.9772) JRIR M (F =3.78,
P =0.0721) fiA A RALFFEEF(F =0. 48, P =0. 4998 ) MK V- 5 T 5T R 1AL FEAH B LA B3

Pl CO, MR B AL HAH LU, B IR CO, N ET , ToRETC He i AL B AR BE AR B & & (F =8.80,P =0.0102) .\ ¥f
HRy E IR & B (F =18.13,P =0.0006) YL A ARk & & (F =4.76,P =0.0454) fEH R A TR L
o MR R S R (F =27.34,P < 0.001) ¥ & T %

3 itig

YEVIIR R E — B R AR A 7= i B PRI B, 50 T B8l o 3 SR B X RIEM I E 2B R Z
18, (B F Z B 7L FFE R BT R A R 64T s T 23R AR T 19 2 B 7L [RIE A R ma i 55 58 2 A
%, ZIRIEGRERE Y WENEEETE AR R ERAER, —ERRIVAEBREH AT 4 A
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o3 AR T S DRE Y REENR P H . O SRBICOMKE W fEHICO KIS
ST A AEAR A M A B ) 520 , 9 LA AR A o aae A e
H B9S2 B L E BRI P 1R = b AB b B b, AB

CO WK E TR AR EERAB B RBH  BF5 |_L. |—L' |—l—' ﬁ
RAEY) = 8XT CO, FHE RN B & B £ FRAZ LAY
SRR L o CORMPIEAT A A IR, BF ety ASHE odaed Vi i A+ T
SR TERKE CO KM T MEYDLE B, ba
PRARE "o Malmstrom 1 Field ™' 40552 2 IL4E 2 $ FRAERLBEKRM AR BB CPWE + fRfR)
P'%L’ Cozﬁﬁfﬁﬂeﬂ%} COZ%‘UE_FEZ%T BYDV E@jﬁiﬁi% Fig. 4 Mean +SE of nicotine content in healthy tobacco,
BN T AR R 2 5 > T 50% —60% 1 39% — tobacco with aphids, with PVYNand with aphids + PVYN under
40% , ABFFRFY, LE 2407 CO,MRBEFM T, JHMEH E  two different CO, conditions
Y RTERRE RN A TR R 3 MO XTI RRIN/NG 5 R8BI CO, WA T2 [ 12 535 1 i %k
TR K T BN 3. 1%, —-1.2%,1. 8%, B} T3 REMKEFRFRF— CO, W HEF AR B2 [ 1% 535
PVY , M K I B 5V X B A ) B 5 . 7E BIEAKF 1SD K, P <0.05
RFE COMRBERMT , HAREE P SHREEE
FHRILA R B U A A R R 2 TR, ARG R 3 e i e e i b M R b AR W AR RS T o
To AL B4 28A -5.9% , —12.1% , -29.8% , B} PVY , 8% K PiE B AE FITER COMKEE T XHRE A Y
BYRE R, K5k, (4 3d — kA& HR) THEAR E A R s, IF BIE B0 3 i fA~ ik
W FE AR E R B R EE IR, (G5 T AR E i ORI R BB, T @ R AR b I R R R
BRAEAR b A UF ORI, SR EE T MR SR/ N BRI T AR B R A REC 2 £, XM E RRE T
IF X AR A E R FE N, B A MR RE TR Uk BT B BN BT R AL B AR B AR W R B RIX — R
GERFW, CO BTG, W UL SRR S E o BEFRRE R EAYE, & CO, 5 “ IER” VE ISR
REGHIE o BRI, AR R R RH T CO, MfERA™ ™ R Rt T Xy = R IER .

KA CO, YR BEHE B A] S B 41 L SR BB, T 80 B R L BB TR S BB . SRR, W
Fi COWREER , XBWF s 2 KL I fE PRI IR i & R, & COMRBEARM T, PVY MRS ARIEAAR
B, T R g PVYY SR EVE AR S R B IE A B, 7E B AT COMRBE&MT , i dU sk
PSR Y RN R SR R B BE R & COMRBEARMFT  eh eig RAT A B BAENS T 05
TG L A B - A B 38.42% (13.69% Fil 31.54% ,iX 5 H AT COYRE T AR . ZERE
ook ds A 2 L IR R BAE COMRETHR M M A i E n & B BETHE  UHRILREA T A R
KB o Lin %% & Taub % HF5Y & BUR BEW IO E B9 & B et CO, W E T B A F Tt & 4 T 284k,
Lin 1 Wang" BF53 WA KK CO, WS> T Wikh & /NE (Triticum aestivum L. , cv. Longchun 292 & 8139)
HFHhEAMHSGRNEE. B CORERR THRARMEAN S ERIGIEART2ER, TEILR
CO, YR ETFH BRI T RIC K MM AR o Horh— AT RE AL 2 S0 2 1 W B3 0 R vk B T #Y
eSS R E DR

BRI (CNB) 4R Ay F T 5 80 400 R e 2 4 TG BB AL 0 % B A S SR SR R AT
CO, W BE TR AR HEAE Y FO & AE FAFIAE ) 21 3 N B U EE B 20 BiC , Xk i o AR R R Bt A UK A PR AL 4 W)
JE 7= —E W, U CAE ™ M A R A BRI, SRR B, BV A4 U A R A 1 i G B
YA AR I, RS BB Z B 12T Veteli™ 4 [ FE 45 SRR B, CO, WK I AR TR et L IR 1Y
WABEAE W RIFH M, Matros"'™ BT &I, H CO, M E T M I A AR BN & & BE 3 hn, T
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