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Abstract: As the greenhouse gas has been increasing continually in recent years, the studies on effects of elevated CO,
concentration on plants have already obtained some results, while the effects of plant photosynthesis on physiological and
biochemical level should be investigated further. The main photo-physiological characteristics of urban forest species Ginkgo
biloba L. in Shenyang were analyzed in open-top chambers under elevated CO, concentration in two consecutive growth
seasons. The results indicated that in the first growth season the leaf net photosynthetic rates( P <0.01), Hill’s reaction
activity(P <0.01), Ca’*/Mg’"-ATPase activity (P <0.05 or P <0.01) and starch contents( P <0.01) all increased
under elevated CO, concentration( (700 +20) pumol - mol "' ) compared with the control. In the second growth season the leaf
net photosynthetic rates( P <0.05 ) and starch contents( P <0.01) both increased compared with the control, Hill’s reaction
activity (P <0.01) increased on the 60th day of exposure, Ca’*/Mg’* -ATPase activity( P <0.05) decreased on 30th day of
exposure. Compared with the first season, the leaf net photosynthetic rates, Hill’s reaction activity, Ca’*/Mg’*-ATPase

activity, starch contents all decreased under elevated CO, concentration, but chlorophyll contents increased. There was
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photosynthetic acclimation to elevated CO, concentration under two consecutive growth seasons in this experimentation.

Key Words: elevated CO, concentration; two consecutive growth seasons; Ginkgo biloba L. ; Hill’ s reaction activity;

Ca’* /Mg’ * -ATPase activity; photosynthetic acclimation

Tk ¥, KK H CO, ¥ b THiE 38% , BL7E B35 3] 4 370wmol - mol ™, FiiHH 21 1 40 Fr i 35 5
550 wmol +mol ', 21 43 A KE it 700umol -mol ~ 1 CO, RARYIHAT A EFHHIK Y , KR CO W BERITHE
BRI R A e e A B A S HE R . WEBRARE " T 28 R A BTS20, 7675 CO MR T,
ARG A H RT3 31.2% , SILREMAK 16. 5% . FEHED X JLat#iX 4 FEHH L4176
R, 78 COMRBEMS M AR HOL S R B K, EEEEY W R, COMENE&HT
SRAS A (Pinus tabulaeformis Carr. ) f AT MRS AISEHS S 2B 1 & AR A N [RIFR L A3 A

B TR FAEIXT CO, VR BE i A8 B 5 U 1] AR [R] , CO, YR BE AR & 16 FE 1 3 i) R B 7E 43
KRR, ZERZHIER T “ K" RIS EYEILNA RIS BN L0482 ILA /IS, Sage 15
H, EEHSLE (JLashELR) , W COREH B S A G HR, (HERKPRRES COKE
THEEASTH . Gunderson 25 A\ K53 ff B K 4L TR E R VR BE CO, T SBUEYIOGE BE ST FRE NS FR N
Xt CO, B4 3E B B4 ( photosynthetic acclimation) 7 o 7% 3 LA vk B HT ST 2R B 3 2 28 U o 0 6 PR 4R AL ARt
FhZ — RS (Ginkgo biloba L. ) ™ SBFFER 42, {5k FLB AT B A K 2 =2 [14R A 75 /R S BL IR 1 Fn i 1
ATP BTG PERIAS AL , TP FOELEW A K ZE CO, Y B T 0 X 45 74 ol 60 52 00 LA B SEL ot B 5 M) 2 508 i, LA
FIAR R EBRSAREREA ST Ve FHTT IR T A K B RS K R
1 RS5HE
1.1 BAe 5i3t

RIS X Ak 7% T E R BE vk P AR 28 I ARl (41°46'N,123°26'E ) , 2 2k BT A 119 48 B R k. Sk AR o
HH

R FEEREN 6 MHMARE(HR4 m, 5 3 m, B EREN IE /DY) K5 HEE KE S 58 REE
B8, FEATE CO, LA IMERER (FR/R , T ) SEET W TR T0AE N CO, YK B IR N B 15 B 10 SR I T0AR 9IRS B
BAE LA AR TS B BRI RS

RIS : CO, W BEFHR (700 £20) pmol -mol ) A%t B (OTC Hf AR £ 4, 25 370 pumol-mol ™)
TR, 3 IRE R o HEHL 6 FAEMA MRS, EEFIANE KRS HITEERR, T 2006 4F 4 A ¥k HH%
BREFTFN, HHEH, 2006 46 H 17 HAFHEH 24 h AEBHES,9 A 30 BEILES, 4 517EE< 0.
20.40.60.80 d 1 100 d Bkt , ZAFIRIRIG, 5 2 FHEFKE 4K, T 2007 4£6 A 20 A FFth4kSEE KKK
(#2006 4£6 A 17 H#y360d),9 A 30 H{&1L5ES, 4517685 0.30.60 d 190 d Bkt ARREUREIZE9:00
7oA BEBURE BB A R KB R MRTFEIRT, R T & B b 1R Fl AR K R 3
bR KA LI-6400 F 3 #2000 A VE R E I AR 4R A Mot A 3R, ZEBURE 24 K9:00 ~ 1100, TR I i) F
B3 B4 Fr g e BITFM 78 PAR =1000pmol -m ~*s ™' 38 CO, YK FE IR T JRALINE , BB Ab B 1k
BUEE Y 3 BRAIAE 1 R, B R s B 3 Wk, B 9 MR T Ge it 40 o
1.2 Wik

(1) e a R FIF LI-6400 2 51453000 & 75 F I 52 {75 4% b 8 A K BREE Fxt R BREE H T 9:00 ~
11 :0035E 52 .o

(2) F/R R BEE ST MIE SBIE B b Badh Hh k™

(3)Ca®* /Mg’ * -ATPase JE M B s e

B 2g M H, B0 Sml T8 9 I 5% 4k 4R BOVRBF B , N Sl FYS MR BURUS 4 24 Uk, JEWR L 500
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remin "' B0 Imin, ¥ _E3EWFELA 30001 min ~' B0 2min, FF_E T, [ PUHE A D B 3R EUR A SR 1A B TR
WA VKFER o

Ca’* -ATPase [ E : BLE ] 45 17 B M A B 12 % 0. 1 ml, A A 0. 8ml 4 3% ¥ (pHS. 0 /¥ 0. 25mol - L™!
Tris-HCI ZZ % 0. 2ml,20mmol -L "' EDTA 0. 2ml,10mmol-L ™" ATP0. 2ml,2mg-ml "' ¥ JEE F 5 0. 2ml) , 3#25]
J& 64°C KRR 4min, B HFHEL 0.5 ml, iIf A 0.5 ml i ¥ (0. Smol-L~" Tris-HCl Z& #h¥& 0. 1ml,
50mmol - L.~ ATPO. 1ml,0. 05mol-L ' CaCL,0. 1ml, H,00.2ml) ,7E 37 °C /K¥A{5 15 10min J5 #E AL 1F 2 8BS o

Mg’ * -ATPase [ %E - BUE. il £ 47 A M-SR A B PR 0. 1 ml, AT A 0.8 ml 3% % (pH8. 0 f) 0. 25mol - L™’
Tris-HCI ZZ %% 0. 2ml ,0. 5mol - L.™" NaCl 0. 2ml,0. 05mol+L~" MgCL,0.2ml,0.05mol-L "' DTT 0.2ml) , $&5)J5
e HEIE L Smin, FEAIA 0. 1 ml ATP #2457, F 37 C/KIBARIR Smin J5 3 AL RN BB o

KA BIBTBE: A 20% [ =5 Z B8 0. 2 ml 2 11 % 7, SR J& 3000 r+min ' B0 Smin, WREL_EEW 0.5
ml, IABR BRI ZR-FHER B 2 ml, 2818 7K 2.5 ml, $&5)J5 7 E 30min, 7E 660 nm AT W& WOLEE .

(4) M S RAME AEE" .

(5) MR EERHNE

B2 0.05g M5, BY#EJ5 12 HILE 10ml 80% PIERE W H 240, B HBCH R . ZJ5 T 646nm F1 663nm Lb
R B 6% B, R4 Lichtenthaler HK & Wellburn AR & IE /A C, = 12. 21Dg; — 2. 81D¢; C, =

20. 13Dgys - 5. 03Dy HE M4 E a HEE b MIHGEBE .
2 GRSW
2.1 XPERAM ot G ERR N ~ 16— —-CK -=-CO

AU LA RN RS COMBAR  CEul  faw
S FRICINE | B, CO MR ks 2L | fon
BREF 2L NMERFNTHEIANEKSE, EF1ANE %é’ g—a bA b "B BB 1 am
KB SR, CO, MM RAT e R B2 3 w
SR Y 14.85% ~101.53% 3 FLAEES 20d BEHEAN = © 520 40 a0 80 1007 360 390 420 450

B (P <0.05) 5 40d B HIIHL B4 (P <0.01) bt AR Treament dovs (0

E—HR2R B, TR 2 MEREF COLE ) e rt ke co,mi st Himba dEm
iy %Eé H‘I‘H‘ @j‘lﬁ’é’ﬁz@ E(Jj%ﬁ mﬁﬂg 12.25% ~61.14% , Fig.1 Effects of elevated CO, on net photosynthetic rate of G biloba
%EEE/EM 30d F190d Eﬁi@ﬂﬂﬁ%( P <. 05) ’ ﬁﬁﬁ/:_c leaves in two consecutive growth seasons

60d AR B2 (P <0.01) B NG R E A BIRR 5% KPR 1% kT2 5 8 %
2.2 MR EF IR RN T B P, R R R 5% 585 o 0 ~ 100d %5 1AM K 2,360 ~

ﬁﬂlg 2 iR ,%E?M‘H‘% ) /I\élif/téﬂiﬁ/—:hﬁﬂ‘%% 3‘501‘1 K2 ‘/M(:é; FIa Litter letters anfi capital letters fndfcate
;J_ifi EZ (ﬁ j] {fﬁj& % | /I\EE ‘t’( §, fﬁ %’[ﬁ /—:\Jﬁ, %E %ﬂ‘[‘ H‘ significant difference at 5% and 1%, different letters indicate
A /R RNE I 7B 5T B, 10 B i 52 0 4 3 SO AR A
F B R IR VLTE IR K . SXF AL 58 1 MK
Zx COMbHR = TR R A /R B 77, 3R TR BE N 10.55% ~46.56% , H7E3E S 20d Btk 5 Tk &
EKF(P<0.01), 5 —HEMK B ER I, MAES 2 MEKFEBSGRA M B A IR RN IE 773 06
1.25% ~74.83% , Hif <, 60d Bk E#% B2 (P <0.01)
2.3 SHEAFH A Ca’' /Mg’ ATPase [K)54 01

B3 R H 1 AMERFRA A Ca® ' -ATP B HERIUN S 5/ , M5 2 AME K FEARESITHRT
1 AMERZES SRR A BN, Z 5 W2 R, Ul i S0l SR A I F Ca®* -ATP BRE MR IR, 5 2
MERFESGH) Ca®* -ATP BTG BT 1| MK, SXHBML, % 1 M KF CO A KR AT
F B Ca®* -ATP BEIE PERSG INiE BE K 11. 54% ~39.06% , HiE <, 100d B35 3] §E (P <0.05) ,3# K, 20.40.,60d

significant difference; The first season is form 0 to 100 days, while the

second season is form 360 to 450 days in the graph, the same below
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i 2R B B3 (P <0.01) s MAESE 2 MK ZE, Bl
<.30d B BT, HAR I CO, b BB AR AT 1 9
Ca®" -ATP i Iff ¥ .3 W4 38 (P < 0. 05) , 34 Jin i £ g
42.83% ~63.39% ,

ke 4 R 56 1 AR ZRRAT I i Mg -ATP R
TR B e G i, 2 2 A KR RE A
B — MERZESGR N AR, Z 5 TR E,
VLB Ca® ' -ATP B HEAS AL AR ], % S0 4R A i
A Mg®* -ATP BRIEMERZ K. SXERARLL, 55 1 M4
KZ COLIMFRAT I J () Mg -ATP B PR R, 34
fniEREE R 5. 43% ~23.85% , Hi*<.20.60.,100d B34

i 29 &
~ 600 - aA ——CK —=CO,
£= 500 \
.R:-E a.
g 8 Q400 -
28 Z 3 oA “
=59 "
, <
g Ea 2000 B aA\aA aA
S ¥ 1001
I& L I [ I L aA bB ap
0 20 40 60 80 100 ~ 360 390 420 450

A BER %L Treatment days (d)

B2 SRS CO BT R A AR UL 1 R4
Fig.2 Effects of elevated CO, on Hill’ s reaction activity of G biloba

leaves in two consecutive growth seasons

B (P <0.05) 58S 40d 1 80d WA EIR B3 (P <0.01) o 756 2 MK FAREFES 90d i, CO, 403
ROARAT T A Mg -ATP BEIE M0, B3N @& (P <0.05) ,H4iE ) 34. 72% ~43. 6% ; i@ < 30 #160d A,
CO, b FR AR AT I H- Mgt -ATP BTG MR B B3 (P <0.05) , R4S 2 MK 2 CO,AXHRA H A 5200

RFH1VIERE,

— ——CK —=-CO,

1
W
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o
(=}
T

aA aA

[SIS)
S G
L
5
o
>

bA bB aA aA

Ca*-ATPasejfit:
>
T
o
@
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(umolPi-mg™! Chl-h™!)
s
o
>

aA bA hA
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[« V)

B3 HELEWANE KT COWRBETHRAAT I Ca®* -ATPase 11
AL
Fig.3 Effects of elevated CO, on Ca’*-ATPase activity of G biloba

leaves in two consecutive growth seasons

2.4 XHRAM AOLETY—IER BRI

aA ——CK —=-CO,

Mg?*-ATPasejF Itk
(o8] S wn
S (=] S
1

Mg?*-ATPase activity

(=}

(umolPi-mg 'Chl-h™)
e
S
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REFRFHL Treatment days (d)

B4 EGERAAEKT CO MR RARA M A Mg -ATPase 1& £
AL
Fig.4 FEffects of elevated CO, on Mg?* -ATPase activity of G biloba

leaves in two consecutive growth seasons

MBS FAT A AR A S AR B CO 4028 > CK 4b3E . SxT AL, 7658 1 MK ZE CO,
AEFRFEARAT I A HTE R & B SN B, HAEE S 20d Wik Bl TR BF K (P <0.01) , HitF—HERE

EH o, AR TR EE g 44. 42% ~78.25% . TTESE 2
MERZES)G, COLB PR FIEMEZEBKRT
Xof B O I g B2 17. 84% ~26.17% o 3% Ut B 1% 22
PR ZE R E SR ek & B R mE R,
2.5 XPERATM MRS BRI

mE 1 PR, 68 1 MK CO A TRAM
Chla.Chlb 1 Chl(a +b) & EALAR K, MES 2 M
KZBMAEE TR, SEMEL, SRR a S 14
KRR 1. 14% ~7.88% , H7EE S 20d Bf 3
P2 (P <0.05) ;7658 2 A K ZE 5% BEAH b3 fn B
i HHE Jy 8. 62% ~20.48% , H7EE S 30d 53] B

——CK —=-CO,
aA aA aA

L aA  aA
aﬁj
bB bB DB

LaA bB

aA

aA
aA aA
aA aA
aA aA

| 1 1 | 1 | | | 1 |

0 20 40 60 80 100 360 390 420 450
REFRFHL Treatment days (d)

TR
Starch contents (%)
O = N W s O

BS HBESPAAERT COMBETHRMAT I Je k& /v A e
Fig.5 Effects of elevated CO, on starch contents of G biloba leaves in

two consecutive growth seasons

http ://www. ecologica. cn



3 BRE S EEWNERFZRS CO,MBET R R AT A R R J1FI Gk ATP BEHE % 1395

#F(P<0.05), lbfa—HEBEMM. 4R b 1E COLM T WABRE A, 765 | MK ZF40H 20,40.,80d
1 100d B FERD & A AR, 7EALTE 60d A5 2 A R ZMHR AT I SRR & B3 T R AL 2R, 33 R
4.22% ~48.29% , M4k (a +b) K EZHM AR a MM 5K b LFEIER, SR M, 7255 1 MERS
BRALEE 40d R A FEAIR , LB AR BRI (]2 15 X0 JR, ELI R 1. 18% ~4.73% ;TSR 2 MEKZE CO, MBI T
R Tx R IR AE 13.58% ~39.27% , HALEE 30d Bk | B3 (P <0.05) , M5 —E 2 BER M, MR
a/b HA7E 20.,40,80,100d i} CO,Ab3H & Tt B, OB I /N T B, BEBIM4% R b 7858 2 AR FIAE
WK THEE a.

F1 EEFIMEKE CO,REABRBTHFHERSENTK
Table 1 Effects of elevated CO, on chlorophyll content of G biloba leaves in two consecutive growth seasons

A P ] P Chla Chlb Chl(a+b) Chla/Chlb
Treatment time(d) Treatment (mg-g~! FW) (mg-g~! FW) (mg+-g~! FW)

0 CK 1.174 £0.009aA 0.330 +0.017bA 1.504 +0.026aA 3.559 £0.147aA
CO, 1.177 £0.019aA 0.362 +0.008aA 1.539 +0.014aA 3.257 £0.122aA

20 CK 1.355 £0.032bA 0.427 +0.017bB 1.782 +0.021aA 3.174 +0.197bB
CO, 1.498 +0.078aA 0.320 +£0.023aA 1.819 +0.096aA 4.683 +0.196aA

40 CK 1.426 £0.021aA 0.471 £0.018aA 1.897 +0.039aA 3.027 +0.067bA
CO, 1.442 +0.017aA 0.439 +0.019aA 1.881 +0.035aA 3.291 £0. 106aA

60 CK 1.668 +0.013aA 0.339 +£0.005aA 2.007 £0.013aA 4.919 +0.083aA
CO, 1.718 £0.044aA 0.353 +0.018aA 2.072 +0.059aA 4.867 £0.167aA

80 CK 1.169 +0.079aA 0.400 +0.039aA 1.569 +0.117aA 2.928 +0.098bA
CO, 1.263 £0.120aA 0.380 +0.016aA 1.643 +0.132aA 3.320 +£0.224aA

100 CK 1.101 £0.0742A 0.448 +0.026aA 1.549 +0.079aA 2.462 +0.210aA
CO, 1.150 £0.023aA 0.422 +0.021aA 1.567 +0.040aA 2.716 £0.100aA

360 CK 1.343 +0.190aA 0.323 +£0.076aA 1.666 +0.264aA 4.215 +£0.427aA
CO, 1.518 £0.071aA 0.375 +0.047aA 1.893 +0.111aA 4.077 £0.369aA

390 CK 1.463 +0.086bA 0.347 +0. 066bA 1.810 +0. 152bA 4.278 £0.505aA
CO, 1.889 +0.143aA 0.486 +0.042aA 2.375 +0.186aA 3.889 +0.051aA

420 CK 1.509 +0.205bA 0.549 +0.031bA 2.058 +0. 236bA 2.739 £0.225aA
CO, 1.919 +0.082aA 0.704 +0.050aA 2.623 +0.131aA 2.728 £0.079aA

450 CK 1.652 £0.194bA 0.799 +0. 117bA 2.451 +0.306bA 2.075 £0.111aA
CO, 2.229 +0.168aA 1.185 +0. 116aA 3.414 +0.284aA 1.884 +0.045aA

3 #FigEitie

B BRI CO, ¥R BEW N i B R BRI I8 Z — o JLFITE AR MY KDL& BET)
K& CO,YRBETH R4 AN, AR o THEY) AP BOb B BRI RTA Fr s . HEBAPIRERN, K& CO,%K
BT AKNEY SR ARG EMIG ™ o HRTET 6 AE B B T A EERIE L T ILA 8 Rk L
BV EMRR LG Ak AR5 3 AR (H,0,) AT G5 X0 1R A A RG] ; 2R
BE1,5-ZBERRAR AL/ IN4URE (Rubisco) & B Ko HOEHE T M s SALIRE R AE B S . AR R CO,WKEE
TEANIE R O & ERAL R T 1 NMERFEN BAHA BREARARF, e 2
REHEOLEERMBA BT | MEKZTHE, AREH R 7258 2 MERFHROCEEMA TR, sl T —2&
A PP BEDEEE N AR . XATRER 1 T — MK FHRAK A B F 8, RE R COME T RA KL
BTN E & B B3N, HAERE O gaiaE A RS , 8 BOA R RBX L& R AT Rl AR .
M5 2 AR FER COMREE T A ek & BAES AR R, S BULEOL A R TR

BE%E COWRBETHR , ) A A F I F AR 2K 5 B0 22, DT $8 3 P S (A Y B ) MR e A8l A REAE. PST
1 PSIL Z A /B TT B S o AT, 56 1 IMERFRA A 42K & & Chla/b HIRF, Uil CO, ¥ E
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FHE AR TR Chla B)& B ENRE BRI P OER, HEEREBWRE TSR RICZEtaEr &E
JIMEREGTESE 2 MERKF PR SRR S EM Chlab HWA RS, JFEHERETHE 1 MERKRENME,
52 MERFMRH REOLEEBIETE | MR, X UBBRA T SRS ERELEHEBRE N
JFHRZ — EARRRER T, X5 Garbutt K 215 A BT 45 58— B

Hill J BT J7 2R WM & 1R G RO B B DG AL 235 T B — 645, B T PS [ 2544 \ZhaE e
B SR FEEMR, ARKP, 1A RKE CORET R BERR THRAM A # Hill BE S, W E
CO, Mk BEAR T ARAT M-SR B G AL 5 SORE , {8 Hill S fin e , st i 1 7K B LA A 4L, AT PS T i 1%
BERCRIG N, G a RN IR M 5E 2 DA K ARA M A1 Hill LS B BART5 1 MK ZFERE, SRS
CO, b FR AR AT I iy Hill SRy SIREAI, SB G AR R8s o HEA 4RI ATP B0 E BERRIL R F,
£ ATP ()& B RESCBAE AT, OISR/ N R B TR G B BERR AL AR . 5 Hill JORiE 128 A —38, 568 1
MEKZE CO BT R &AM T AREM 5k Ca®* /Mg -ATP BIEHEIE5R , X Bk B IR A L& BB 1L 1o 1
52, Ui COMKEETH mxHRAEEE MR HIE 5 B TR FOE S BRI BB UIAR S, AT #ESh CO, [
PRIHEAT s TAESS 2 MERKF AR 41k Ca®* /Mg’ -ATP BHEMEH BT 1| MK FHME, XE®RE
WA R OG A BERRILIES , UL S A K ZE CO WK TR SR A G & 1R WSS , B BB &3 .

A, SIS R R AT E AR TEAR 2 — " A SR A B B 45 7 T 5T, R TR
LEEFEETH—EIE. FEM T KAWL 3 F AL OB R, 82 MEKFEIRE CO,4A0 3
T L (Pinus koraiensis sieb. etzucc. ) | 1 H 7% ¥ ( Pinus sylvestris var. sylvestriformis ) | 7K i #jl ( Fraxinus
mandshurica Rupr. ) Z i AR B OCEER” G, T4 3 MK ZE, HA 500 x 10 ~°pwmol -mol ' CO, F A K
R BRI E A TCRIBIL” o 3K IR B R DL B AR B AN R, B 7= A 5 638 I B (RS 8], Rt 7E
B 42ER CO MRS R ME R T YRR FRARRF B T Z AR IR AR o
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