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Meta-analysis of the Response of Fant Ecophysioogical Variables
to Doubled Atmospheric CO, Concentrations

ZHENG Feng Ying * , PENG Sheo-Lin
('South China Ingtitute o Botany, The Chinese Academy o Sciences, Quangzhou 510650, China)

Abgtract :  Eghty-four published paperswere synthesized usng meta-analys's (a gatigica method to summa
rize the different individua studies under the same subject) , with resultsof the environmenta factors (il wer
ter deficit , low il nitrogen, high temperature and high concentration O;) &fecting significantly the regponse
of plart to devated atnogpheric GO, concentrations. Under undressed condition, the overal dfect szes of
twelve ecophysiologica variables of G; plants were negative , other twelve podtive. For negative efect group ,
the firg five variables ranked as: somatad conductance (gs) > led dark regpiration rate (Rq) > ledt nitrogen
content on a mass bass (Ny) > led protein content on a mass bas's ( Pry,) > led nitrogen content on a struc
turd mass bads (Ny) ; for podtive one, root biomass (B;) > shoot biomass (Bs) > led sarch content on a
mass bads (S;) >light saturated net photosynthetic rate (A) > tota biomass (B¢) . The Biand A of Gz plants
increased 30. 01 % and 40. 36 % regectively under ungressed condition , while gs decreased 30. 39 %.

Key words: plant ecophysologca variable; eevation of atnogheric GO, concentration ; meta-analys s
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Abbrevlalons CE, oontrolled environment ; OTC, open-top chamber ; FACE, free-air- QO, enrichment ; BC, branch-chamber ; NCS,naturd GO, Pring; Th,
high tenperature; NI, low nitrogen in il ; W, il weter ddicit; S, symbioss; Og, high Og; VI, air water vapor pressure deficit; Ih, high irradiance. The
other plant ecophysologca variables see Table 1.
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Table 1 Twenty-four plant ecophysologca variables and their reference urce
Eoophysologicd variables References
Light sturated net photosyrthetic rate (A) [10- 16,22 ,23,25,26,28 - 30,32,36,38,48- 50,52 ,53,57 ,59 ,61,63,67 ,68,71,
72 81 ,85]
Somatd conductance ( ge) [10,12 23 26,28 ,30 33,36 ,38 ,43 ,45 ,49 ,50 60,67 ,68 , 70,80 ,82]

Led dark regiration rate ( Ry
Totd biomess (By)

17,25 48 61,71 ,81]
11,13 ,18- 20,33,34,36,38 ,41, 42 ,46 ,48 ,50 ,56 ,62 ,71 74,76 ,86 ,87 ,89 ,90]

Soot biomess (BJ) 11,24 ,31,35,38 ,40 ,41 ,44 45 ,57 ,58 ,62 ,64 ,66 ,74 ,88 ,92]
Root biomess (B,) 11,14 ,24 31,34 - 36,38 ,40 - 42 ,44 45 57 62 ,64 66,71 ,74 ,87 ,88]
Root/ shoot (R/'S) 11,18 ,24 35,36 ,42 ,46 ,69 ,74 ,87 ,89]

Redive gowth rate ( RGR)
Led area per plant (LA)
Led arearaio (LAR)

[
[
[
[
[
[17,18 ,24 ,27 .33 ,37 ,44 ,85]
[21,24 ,39 ,48 56,77 ,80,85,86,87 ,89]
[20,21,33,35,36 ,69,73]
Foedific led area (ILA) [19,20,21,24 25,33 ,39 ,44 55,66 ,73 ,85,86 ,87]
Led nitrogen concentration on a gructurd mass basis (Ng [11 ,46 ,62 ,84]
Led nitrogen concentration on a mass bass (N [11,32,36,40 ,46 ,48 69 ,71,73,79,90 91]
Led nitrogen concentration on a area bass (N,) [10,31,32,69,73,81,83]
Qoncentration of Rubisoo ( Rub) [31,45 54,57 ,81,93]
Activity of Rubiso ( Rubuy) [25,26 54,57 61,64 ,67,81,93]
[
[
[
[
[
[
[

Led protein concertration on a mass ( Pry,) 50,67 ,75]
Led protein concentration on a area ( Pry) 31,45 ,50,63]
Led soluble sugar concentration on a mass ( Sug) 47 ,48 65,84 ,91]

Led tota rongructure carbohydrate concentration on a mass ( TNC)
Led garch concentration on a mass (S
Tota chlorophyil on a area ( Chl,)

11,31 ,63,65,78 ,84 ,86]
24 32 47 48 51,65 ,67]
20,26 ,51 61,63 ,64 ,67 ,81 ,93]

Totd chiorophyll on a mass ( Chl,,) 50,65 ,67]
Ratio of chloroptyil ato b (a/b) [26 .30 .51 .52 .61 .63 .64]
2 8 ()
Eg:niesNWMG Pedies (genus) of experimented plants in 84 5 56.64 %
Hant C C CAM Tota 55.87 % ,47.62%,40.36% 30.01 %
Crop 8 (8) 8 (8) 5 30. 39 %,20.67 %,
Wild grass 43 (30) 9 (7) 3(3 55 (40)
oniferous tree 5(2) 5 (2) 15.37%,14.52% 14.17 %
Broad | eaved tree 34 (20) 34 (20)
Totd 90 (60) 9 (D 33 102 (70) CDZ !
R/'S Chl,
, BC Pra Na Ns 95% )
CE ,NCS FACE : ) ) R/'S 0.
, 33 %
, , 2.2
24 8
5 ( ,
G
2.1 Cs 24 CO, ) A gs B Na N, TNC §
RUbact A Os Bt
1 , o, G 2 4
24 , QO ( X 2 P<0.05)
12 , : gs 607} ,
Br Bs St A Bi LA Sug TNC N; RGR a/b R/'S; 3 e0% ,
12 , 10 Rg Np A
Prm Ns Chly, Rub Rub,y SA LAR Chl, Prg 39.72%,
(60} , , 1 30. 69%, 28. 77 %, 6. 08 %;
; Js 3021%,

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



Acta Batanica Sinica

1104
— 2 (74)
R7(22)
e Ny (29)
e
Ny (13)
Chi, (12)
—— ' Rub(17)

" Rub,,,(18)
—e— ' SLA(4D

e LAR(13)

— e 1,(12)
‘ Pr, (8)

R/S(11)

CTm b (13)
: RGR (13)

Na(15)

NG (27)

e Sug(26)
—— LA2D)

————— B,(55)
- e 4D

St (23)
B5(37)
B(3D)

80

~-60 -40 -20 Q 20 40 60
Percent change (%)

1 G 24
Fig.1. The percent change of 24 plant ecophysologca variables of G plants under ungressed condtions.

Data represent percent change in devated GO, concertration with 95 % corfidence intervals. Thefiguresin parenthes s are number of cited ref

erences. Dot line represents D (plant ecophysologicd variable9 (%) =0. Abbrevidionsin Fg. 1 are the same asin Tadle 1.

:28. 16 %,23. 03 %,20. 75 %
A 0Os o, Qo; G
B: : o O,
B 26.78 %, , :
:23.59 %, (gs OTC FACE
20.57 %,16. 24 % 6, CE )
( A Js Bt ) 3
Na Nn TNC , A 0,
( ) (P<0.01) ,
Na Np , ,
0, N, ( 4.22%) , , QD A .
( 14.87 %) ; a0, Ny , ,
(13.97 %) , (29.12%) ; INC 2 , 71
15.01 %, 39 100 d :

25.84% S Rubygy

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



007} 1105

11
e+ >365d(18) ———— 0TC (23)
e CE (46)
———e————  120-180 d(15) ~365 4 5 )
e 39-100 d(35) — «—101-180 d(20)
e <39 d(13) ——+—58-90 d(32)
e <39 d(12)
FACE (6) —
————— 0TC (22) e C3(55)
——— (B (53) Ci(12)
e — C4(10) m Wd(33)
———  Cy(71) — W
—*—— Wd(5) e 0,(12)
.+ Hb(36 —
» (36) N (8) The®
—————— W, (12 —— N
L , Y0(69) , .
N, (4) -40 -20 0 20 40 60 80 100
¢ Th(2D) Percent change (%)
- NO(81
. oey 4. (8)
Fig.4. The categoricd percent change of tota biomass (B) .
-10 0 10 20 30 40 50 60 ¢ egprical percen. v
Data represent percent change in eevated GO, concentration with
Percent change (%) 95 % corfidence irtervals. The figures in parenthess are number of
2. (A) cited rderences. V,, ar water vapor pressure deficit. The others
Fig.2. The categprica percert change of light saturated net pho are the same asin Fg. 2.

tosyrthetic rate (A) .

Data represent percent change in eevated OOy concentration with
95 % oorfidence intervas. Thefigures in parenthes's are number of
cited references. FACE, free-air-Q0, enrichment; CE, oontrolled
environment ; OTC, opentop chamber; G, G plat; G, G
plant; Wd, woody plant; Hb, herbaceous plant; W, il water
Odficit; Os, high Os; Ni, low nitrogen in il ; Th, high tenpera
ture; NO, ro gdress.

—————>365 d(13)
e 120-240 d(18)
———— 30-60 d(26)
——— <30 d(21)
~———<——— FACE(6)
e OTC(8)

e CE(86)

C,(4)
—e G4(74)

———— Hb(19)

———— Wd(59)

— e W18
s V,(14)
_ e 0,(15)

Th(s)
——NO(78)
-60 -50 -40 -30 -20 -10 0
Percent change (%)
3. (o)
Fig. 3.  The categoricd percent change of domata conductance
(gs) .

Data represent percent change in eevated OO, concertration with
95 % corfidence intervals. The figures in parenthed s are number of
cited rdferences. CAM, CAM plart; Vi, ar water vgoor pressure
deficit. The others are the same asin Hg. 2.

, 29.69 %, A
39 100d 10. 76 % ,
QO, A :
TNC ) )
, A
TNC ( St Sug)

TNC ) )
) ,A
) ) O,
G G A Q0
1C3 C4 ] C3
O,
607} e
30.01%,C G
, 2.78%, G )
(@3 0,
, [8]
, 66 %
’ (DZ lA BI
, Curtis
Wang (e Qo
QO,
R/'S (607
R/'S , , )

TNC )

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1106

Acta Batanica Sinica 43

R/'S
Ba B

Bazzaz!*

R/'S

(132 ’

0,
20% 30%,
G, c G
(1]
o 30.39%,
Curtis! ,
1% g

Rubi so

10% 30%,

Sug

0.33%,

R/'S 0.49%,

G

Os )

TNC

, Rubiso

, ™NC el

0,

OTC CE
) ,FACE
) FACE
, FACE

OTC CE )

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Jiang GM( ) , Han X- &( ), Lin GH(

). Response of plant growth to devated (Q0,) : a review
on the chigf methods and badc conclusons based on experi-
mentsin the exdernd oountries in pagd decade. Acta Phy-
toecd Sin ( ), 1997, 21:489 - 502. (in
Chinese with English abdract)

Poorter H, Gfford R M, Kriedemann P E, Wong SC. A
quartitative anayss of dark resiraion and carbon contert
asfactors in the gronth regonse of plants to devated OO
Aust J Bat, 1992 , 40:501 - 513.

Ceuemans R, Mousau M. Hfectsdof eevated anogpheric
QO, on woody plants. New Phytol , 1994 , 127:425 - 446.
Peng SL ( ), Tang X Y/( ). Metaandyss
and its gpplication in eclogy. ChinJ Ecal ( ),
1998, 5:74- 79. (in Chinese with Engish abstract)
Zheng F Y( ), Peng SL( ). Meta-andyds
o predatory relationships. Acta Ecd Sin ( ),
1999, 9:448 - 452. (in Chinese with English abstract)
Peng SL ( ), Zheng FY( ). Metaandyss:
an evolutionary in reviewv. Chin J Ecd ( ),
1999, 18:65- 70. (in Chinese with Engish abgract)
CutisP S. A mataandydsd led gas exchange and nitror
gen in trees grown under eevated carbon dioxide. Pant
Cdl Emviron, 1996 , 19:127 - 137.

Curtis P S, Wang X Z. A metaandydsd devated QO d-
fects on woody plant mass, form and physology. Oecdo
gia, 1998 ,113:299 - 313.

RosenbergM S, AdamsD C, QurevitchJ. Metawin:Satis
ticd Sftware for Metaandyds. Verson 2. 0. Sunderland:
Snauer , 2000.

Scher R C. Yelowing and photosythetic decline of barley

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



11

1107

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

primary leaves in regonse to atnmogpheric GO, enrichment.
Physid Plant, 1998 , 103:193 - 200.
LeCanDL, MorganJ A. Qowth, gas exchange, led nr
trogen and carlbohydrate concentrations in NAD-ME and
NADRME G grases gown in devaed O3. Physid
Plant, 1998 , 102:297 - 306.
Will R E, Ceulemans R. Hfectsof eevated OO, concentrar
tion on photosynthes s, resiration and cartohydrate gatus of
ooppice Populus hybrids. Physid Plant, 1997 ,100:933 -
939.
Zskal H,BunceJ A. Theroled temperature in determinr
ing the dimulation of OO, asimilaion a eevated carbon
doxide concentration in ybean sedings. Physid Pant,
1997 ,100:126 - 132.
Zikal H, Scher R C, Kremer D F. Revershility o pho
tosynthetic acclimation of swiss chard and sugarbeet grown a
devaed concentration of G0,. Physid Pant, 1995, 95:
355 - 364.
Lin WH, ZiskaL H, Namuoo O S, Ba K. The interaction
o high temperature and eevated OO, on photosynthetic ac-
climaion o dnge leaves o rice in stu. Physd Pant,
1997 ,99:178 - 184.
Qeer D H, Lang WA, Carpbdl B D. Potosyrthetic re
gones o thirteen pagure Pecies to devated GO and tenr
peraure. Aust J Plant Physid, 1995 ,22:713 - 722.
BunceJ A, ZskalL H. Regonse of regiration to increases
in carbon dioxide concentration and tenperature in three
ybean cutivars. Ann Bat, 1996 , 77:507 - 517.
Dducia EH, Cdlavay RM, Thomas EM, Shiesnger W
H. Mechaniams of phoghorus acquistion of ponderosa pine
seding under high OO, and tenperature. Ann Bot, 1997 ,
79:111 - 120.
Jongen M, JonesM B. Hfectsdf devated carbon dioxide on
plant biomass production and conpetition in a smuated
neutrd grasdand community. Ann Bot, 1998 , 82:111 -
123.
ZhangJ H, Lechowicz M J. Regonses to OO enrichment
by two gerotypes of Arabidopsis thaliana differing in their
sengtivity to nutrient avalability. Ann Bot, 1995, 75:491
- 499.
Rey A, Jarvis P G GQowth regonse of young hirch trees
(Betula pendula Roth.) dter four and a haf years of QO
exposure. Ann Bot, 1997 ,80:809 - 816.
Teskey RO. A fidd gudy of the dfectsof devated O3 on
carbon asimilation, domatad oconductance and led and
branch gowth of Pinus taeda trees. Pant Cdl Environ,
1995 , 18:565 - 573.
Huxman T E, Hamerlynck E P, Loik M E, Smith SD. Gas
exchange and chlorophyll fluorescence regponses of three
Duthwedern Yucca gecies to devated OO, and high temr
peraure. Plant Cdl Environ, 1998 ,21:1275- 1283.
Winter K, Richter A, Engdbrecht B, Posada J, Virgp A,
Fopp M. Hfect of devated GO, on growth and crassulacean
acid metaholiam activity of Kalanchoe pinnata under tropica
oconditions. Panta, 1997 ,201:389 - 396.
Ceuemans R. Jiang X N, Shao B Y. Qowth and physolo
gy of oneyear old poplar ( Populus) under elevated atmo-
gheric QO; levels. Ann Bat, 1995 , 75:609 - 617.
Habash D Z, Pau MJ, Pary M A J, KeysA J, LaMor D
W. Increased cgpacity for photosynthes's in wheat grown a
devaed QO :the rddionship between e ectron trangort and
carbon metaloliam. Panta, 1995 , 197:482 - 489.
Gaiger M, Wdchliu P, Engds C, Harnecker J, Shulze
ED, Ludenig F, Snnewvadd U, Shebe W-R, Sitt M.
Enhanced carbon dioxide leads to a nodfied diurnd rhythm
o nitrate reductase activity in older plants, and a large

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

dimulaion of nitrate reductase ctivity and higher leves of
amro acids in young tobacco plants. Plant Cdl Emron,
1998 , 21:253 - 268.
Bryant J, Taylor G, Frehner M. Photosynthetic acclimation
to devated OO, is modified by urce:snk baance in three
conponent eciesd chak grasdand swards grown in afree
air carbon doxide enrichment (FACE) experiment. Plarnt
Cdl Environ, 1998 ,21:159 - 168.
Peoletti E, Nourrison G, GarrecJ P, Raschi A. Modfica
tion of the led suface dructures of Quercus ilex L. in
open, nauradly QO enriched ervironments. Plant Cdl En-
viron, 1998 , 21:1071 - 1075.
Sunda vV, KdinaJ, Cganek M, Pavlickova H, Marek M
V. Longterm exposure of Norway fpruce to devaed OO
ooncentration induces changes in photosysem  mimicking
an adaptation to increased irradiance. J Plant Physid,
1998 , 152:413 - 419.
Ghanmoum O, Caemmerer SV, Barlow EW R, Gonroy J
P. The dfects of QO, enrichment and irradance on the
groath, nomphology and gas exchange o a G ( Panicum
laxum) and a G ( Panicum antidotale) grass. Aust J Plant
Physia , 1997 , 24:227 - 237.
Lovdock CE, KylloD, RPopp M, Iopp H, Virgp A, Winr
ter K. Symbiotic vedcular-arbuscular mycorrhizae irfluence
maximum rates of photogyrnthed's in tropica tree seedings
gown under devated Q0,. Augt J Plant Physid, 1997 ,
24:185- 194.
VolinJ C, Reich PB, Gvnish TJ. Hevated carbon dioxide
amdiorates the dfects of ozne on photosynthess and
growth : pecies regpond smilarly regardess of photosynthetic
pathway or plant functiond group. New Phytd, 1998,
138:315 - 325.
van Vuuren M M |, Robinon D, Ftter A H, Chasdlow S
D, Williamon L, Raven J A. Hfects of devated ano
Pheric QO, and il water avalahility on root biomass, root
lengh and N, P and K uptake by wheat. New Phytd ,
1997 , 135: 455 - 465.
Carter EB, Theodorou M K, Morris P. Regponses of Lotus
corniculatus to environmenta change |. Hfects o devated
Q0O; , temperature and drought on groath and plant develop-
ment. New Phytd , 1997 , 136:245 - 253.
WalingJ R, PressM C. How does the G, grass Eragretis
pilosa regpond to devated carbon dioxide and irfection with
the paradtic angogperm Striga hermonthica ? New Phatd ,
1998 , 140:667 - 675.
Tomlinon P T, Anderson PD. Ontogeny dfects regponse of
rorthern red oak seedings to devated OO, and weter dress
Recent photosynthate didribution and growth. New
Phytal , 1998 , 140:493 - 504.
Anderon PD, Tomnioon P T. Ontogeny dfects reponse of
rorthern red oak seedings to devated OO, and water dress
. Carbon asimilaion and biomass production. New Phy-
ta, 1998 , 140:477 - 491.
LenisJ D, Sran B R. The role of mycorrhizas in the re
gonxe o Pinus taeda seedingsto eevated QO,. New Phy-
td, 1996 , 133:431 - 443.
KliroromosJ N, Urdc M, RilligM, Allen M F. Interpe
cfic dfferences in the reponse o arbuscuar mycorrhizal
fong to Aremisia tridentata grown under eevated ano-
gpheric G0;. New Phytd , 1998 , 138:599 - 605.
Bernton GM , Wayne PM , Bazzaz F A. Belowground ar
chitecturd and mycorrhiza regonsesto devated Q% in Be
tula aleghaniensis populaions. Funct Ecd , 1997 , 11:684
- 695.
Basdrirad H, Tisue D T, ReyroldsJ F, Chgpin F S. Re
gonxe o  Erigphorum vaginatum to GO, enrichment at dif-

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1108

Acta Batanica Sinica 43

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[S5]

[56]

[57]

[58]

ferent il temperatures: effects on growth, root regiration
and PO; uptake kinetics. New Phytol , 1996 , 133:423 -
430.
Bdaguer L , BarnesJ D, Panicucc A, Borland A M. Po
duction and utilization of assmilatesinwhest ( Triticum aes
tivum L.) leaves exposed to devated O; and /or G0,. New
Phyta , 1995 , 129:557 - 568.
Hibberd J M, Whitbread R, Farrar J F. Bfect of 7004 nrol
ol ! 00, and irfection with powdery mildew, on the
growth and carbon partitioning of barley. New Phytd ,
1996 , 134:309 - 315.
Hibberd J M, Whitbread R, Farrar J F. Hfect of led age,
basd meri¢em and irfection with powdery mildew in photor
synthess in barley grown in 700M mol - ol ~* QO,. New
Phytd , 1996 , 134:317 - 325.
Gebauver RL E, ReyroldsJ F, SranB R. Allometric rda
tions and growth in Pinus taeda:the dfect of devated OO,
and changng N availability. New Phytd , 1996 , 134:85 -
93.
Fonsca F, HertogJ D, SuenB R. The reponse o Plan-
tago major sp. plecsperma to devated QO; ismodulated by
the formetion of secondary shoots. New Phytd , 1996 , 133:
627 - 635.
CurtisP S, Vogd CS, Pregtzer KS, ZakD R, Teeri J A.
Interacting dfects of il fertility and atmogheric G on
leef area growth and carbon gain physology in Populus eu-
ramericana (Dode) Quinier. New Phytd , 1995 , 129:253
- 263.
Ferris R, Wheder TR, Hadey P, Hlis R H. Recovery of
photosynthes's dter environmental dress in sybean grown
under elevated QO,. Crop Sd, 1998 , 38:948 - 955.
Shwarz P, Hoon C, Vivin P, Dreyer E, Quehl M, Rille
A. Regonses o antioxidative sygems to drought gress in
pendunculate oak and maritime pine as nodulated by devat
ed Q0,. Pant Physid, 1996 , 110:393 - 402.
Zhang H H, Nobd P S. Protosyrtheds and carbohydrate
partitioning for the G desert shrub Encdia farinosa under
current and doubled OO, concentrations. Pant Physid ,
1996 , 110:1361 - 1366.
Hogan K P, Heck |, Bungard R, Whitehead D. Hfect of
devated QO, on the utilization of light energy in Nothd agus
fusca and Pinus radiata. J Exp Bot, 1997 , 48:1289 -
1297.
Qifford T, Black C R, RobertsJ A, Sronach | M, Snge
tontJones PR, Mohamed A D , AzamAli SN. The dfect of
devated atmogpheric 0O, and drought on somata fregquency
in groundnut ( Arachis hypogaea L.). J Exp Bat, 1995,
288:847 - 852.
Gexch RW |, Boote KJ,VuJ CV , AllenL H, Bowes G
Changesin gronmth QO, result in rgpid adjusments of ribu
loe 1,5 bigphogphae carboxylase/ oxygenase smdl subunit
gene expresson in expanding and mature leaves o rice.
Plant Physid , 1998 , 118:521 - 529.
Fscher M, Mathies D, Shmid B. Regonses o rare ca-
careous grasdand plants to devated QO :afidd experiment
with Gentiandla germanica and Gentiana crudiata. J Ecd ,
1997 , 85:681 - 691.
Wayne P M, Bazzaz F A. Light acquistion and growth by
oconpeting individud s in GOy~ enriched anogheres: conse
quences for sze dructure in regenerding birch gands. J
Ecd , 1997 ,85:29 - 42.
Scher R C, Kremer D F, BunceJ A. Protosyrthetic accli-
mation and photosyrthate partitioning in wybean leaves in
regonse to carbon doxide enrichment. Photosynth Res,
1995 , 46:409 - 417.
Fredeen AL , Held CB. Qortrading lef and * ecosygen’

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[73]

00, and H,O exchange in Avena fatun noroculture: growth
a ambient and devated CO,. Phatosynth Res, 1995 , 43:
263 - 271.

Syoral , Gtier N, Sot L, Lucas H, Foyer C H. Over-
epresson of sucroe phogphate synthase in Arabidopsis
thaliana results in increased foliar sucrose/ garch ratios and
favours decreased foliar carbohydrate accumuletion in plants
dter prolonged gromth with GO, enrichment. J Bxp Bat,
1998 , 49:669 - 680.

Will R E, Teskey RO. Hfect o irradiance and vapor pres
sure deficit on domatd regponse to GO, enrichment of four
tree gpecies. J Exp Bat, 1997 , 48:2095 - 2102.
Ceuemans R, Taylor G, Bossc C, Wilkins D, Bedord R
T. Protosynthetic acclimation to eevated OO in poplar
grown in gassouse cabinets or in open top chambers de
pends on duration of exposure. J Exp Bat, 1997 , 48:1681
- 1689.

Baxter R, Ashenden T W, Farrar J F. Hfect of devated
00, and nutrient gatus in gomh, dry meatter partitioning
and nutrient conternt of Poa alpina var. viviparalL. J Bxp
Bot, 1997 , 48:1477 - 1486.

Odgorne C P, Drake B G LaRoche J, Long P S. Dose
long term eevation of QO, concentration increase photosyn-
thessinfored floor vegetation ? Plant Physid , 1997 , 114:
337 - 344.

QGaham EA , Nobd P S. Longterm dfectsdof a doubled a
nmogpheric GO, concentration on the CAM ecies Agave de-
sarti. J Exp Bat, 1996 , 47:6l - 69.

Baxter R, Bell SA, arks T H, Ashenden TW, Farrar J
F. Hfectsdf devated OO, concentrations on three montane
grass pecies . Durce led metaloliam and whole plant
carbon partitioning. J Exp Bat, 1995 , 46:917 - 929.
Chrig RA, Korner C. Regponsesof shoot and root gas ex
change, led blade eqpandon and hiomass production to
pusesd devaed OO, in hydroponic whest. J Exp Bat,
1995 , 46:1661 - 1667.

Faria T, Wilkins D, Bedord R T, Vaz M, PerdraJ S,
Chaves M M. Qowth a devated OO, leads to down-regua
tion of photogynthed s and dtered regponse to high tempera
ture in Quercus suber L. seedings. J Exp Bat, 1996 , 47:
1755 - 1761.

Heath J. Someata o trees growing in QO-enriched ar show
reduced sendtivity to vepor pressure deficit and drought.
Plant Cdl Emviron, 1998 , 21:1077 - 1088.

Qeadow RM , Foley WJ , Woodrow | E. Enhanced GO d-
ters the relationship between photosynthess and defense in
cyarogenic Eucalyptus dadocalyx F. Mudl. Pant Cdl En-
viron, 1998 ,21:12 - 22.

Roden J S, Bdl M C. The dfect of devated [ Q0,] on
gomh and photosynthes sof two  Eucalyptus gpecies exposed
to high tenperatures and waer ddicits. Pant Physd,
1996 , 111:909 - 919.

Tissue D T, Megonigd J P, Thomas R B. Nitrogenase ac
tivity and N, fixation are simuaed by edevaed O3 in a
tropicad Nx-fixing tree. Oecologia, 1997 , 109:28 - 33.
Kubiske M E, Pregtzer KS, Mikan CJ, Zak D R, Madaxz
JL, Teeri J A. Populus tremuloides photosynthess and
crown architecture in regponse to devaed 0, and il N
availahility. Oecdogia, 1997 , 110:328 - 336.

Farage P K, McKee L F, Long S P. Dose a low nitrogen
supply necessarily lead to acclimation of photosynthess to
devaed QO, ? Plant Physid , 1998 , 118:573 - 580.
Hodge A , Miliard P. Hfect of devated GO, on carbon parti-
tionng and exudate reease from Pantago lancdata
sedings. Physid Pant, 1998 , 103:280 - 286.

Wang N, Nobd P S. Prloem exudate oollected via scde inr

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



11

1109

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

sct dyletsfor the CAM gecies Opuntia ficus-indica under
current and doubled GO, concentrations. Ann Bat, 1995,
75:525 - 532.

North GB, Moore TL , Nobed P S. Qadode development
for Opuntin ficusindica (Cactaceae) under current and dou
bled GO, concentrations. Amer J Bot, 1995 ,82:159 - 166.
Caz AL, CutisP S, Sow A A. Heritable variation in
domata regonsesto devated O inwild radish, Raphanus
raphanistrum (Brasscaceae) . Amer J Bot, 1998 , 85:253
- 258.

Tscheplingki TJ, Sewart D B, Norby RJ. Interactions be
tween drought and eevated GO, on osotic adjusment and
Dlute concentrations of tree seedings. New Phytd , 1995 ,
131:169 - 177.

Wulschleger SD, Norby RJ, LoveJ C, Runck C. Ener
getic cogs of tissue congruction in yelow-poplar and white
oak trees exposed to long-term GO, enrichment. Ann Bat,
1997 ,80:289 - 297.

Pataki D E, Oren R, Tissue D T. Hevated carbon dioxide
dose ot dfect average canopy sfomatd conductance of R-
nus taeda L. Oecologia, 1998 , 117:47 - 52.

Turnbul M H, Tissue D T, Qiffin KL, Rogers GN D,
Whitehead D. Protosynthetic acclimation to long-term expor
sre to eevated GO, concentration in Pinus radiata D.
Don. is related to age of needes. Pant Cdl Emviron,
1998 , 21:1019 - 1028.

Bunce J A. Hfects of humidity on short-term reponses of
gomatd conductance to an increase in carbon dioxide corr
centration. Pant Cdl Environ, 1998 , 21:115 - 120.
Hungate B A , Canaddll J, Chepin F S. Rant gecies medr-
ae changesin il microbid N in regonse to devated 5.
Ecology, 1996 , 77:2505 - 2515.

Sheppi B, Korner C H. In situ dfects of devated GO, on
the carbon and nitrogen datusof dpine plants. Funct Ecd ,
1997 ,11:290 - 299.

Lovdock C E, Kyllo D, Winter K. Gowth regponses to
vedcuararbuscuar mycorrhizae and devated OO in

[86]

[87]

[83]

[89]

[90]

[91]

[92]

[93]

[94]

sedings o a tropicd tree, Belschmiedia pendula. Funct
Ecd , 1996 , 10:662 - 667.

Wurth M K R Winter K, Korner C H. In situ reqponses to
devaed QO in tropicad fored undersorey plants. Funct
Ecd , 1998 , 12:886 - 895.

Roden J S, Wiggns D J, Bdl M C. Potosynthess and
gomh o two rainforesd geciesin muated ggps under de
vated Q0,. Ecoogy, 1997 , 78:385 - 393.

KiroronosJ N, RilligM C, Allen M F. Belowground mi
crobrd and microfaund regponse to Artemisia tridentata
grown under devated anogpheric QO,. Funct Ecd , 1996 ,
10:527 - 534.

BassriRad H, Qiffin KL, ReyroldsJ F, Sran B R.
Changesin root NH;” and NO; absorption rates of loblolly
and ponderosa pine in regponse to OO, enrichment. Pant
Sail, 1997 ,190:1- 9.
JohnonWJ, Bdl J T, Waker R F. Hfectsdf OO, and ni-
trogen fertilization in vegetation and il nutrient content in
juvenile ponderosa pine. Plant Sail , 1997 , 190:29 - 40.
Raph EJ, Boerner S EJ, Rebbeck J. Deconpostion and
nitrogen release from leaves o three hardnood goecies grown
under devated O; and/ or G0,. Pant Sail , 1995 , 170:149
- 157.

Wadker R F, Reisnger D R, Johnon D W, Bdl J T. He
vated atnogpheric GO, and il N fertility éfectson growth,
myoorrhizal colonization and xylem water potertid of juve
nile ponderosapinein afidd. Pant Sail , 1997 ,195:25 -
36.

VuJCV ,BakerJ T, Pennanen A H, AllenL H, BowesJr
G, Boote KJ. Hevated OO, and water deficit dfects on
photosynthes's, ribulose bigphogphate carboxylase-oxyge
nase, and carbohydrate metatbolism in rice. Physid Plant,
1998 , 103:327 - 339.

Bazaz F A. Regonse o naurd ecosydems to the risng
dgobd OO, levds. Annu Rev Ecd Syst, 1990, 21:167 -
196.

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



