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Photosynthetic physiological characteristics in response to elevated CO,

concentration of three Larch ( Larix) species seedlings
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Abstract: The photosynthetic characteristics of current and one-year-old Larix olgensis Herry. | Larix kaempferi Carr. and
Larix gmelini Rupr. needles at elevated CO, concentration were measured with a Li-6400 portable gas analyzer. The results
showed that: elevated CO,concentration increased the maximum net photosynthetic rate (P, ) and respiration(R;) of the
three Larix species in different degree, and the P, of the current and one-year-old needles of Larix olgensis Herry.
increased 91% and 83% than the control needles, respectively,that of Larix kaempferi Carr. increased 71% and 94% than
the control needles, respectively, and that of Larix gmelini Rupr. increased 32% and 106% than the control needles,
respectively. Elevated CO, decreased the light compensation point ( LCP) of all current needles except the Larix gmelini
seedlings, indicating that the current seedlings were more sensitive to the elevated CO, concentration. Elevated CO,
concentration increased the light saturation point ( LSP) of current and one-year-old Larix kaempferi seedlings, showing that
the enhanced potential of photosynthetic capacity was stronger. Under the elevated CO, concentration conditions, the
maximum apparent quantum efficiency (AQY,, ) of all seedlings was increased except the one-year-old Larix gmelini. We

conclude that, under the elevated CO, concentration conditions, Larix kaempferi has the greatest growth potential and the

strongest ecological advantages, Larix olgensis is the second, Larix gmelini is the lastest.

Key Words: Larix olgensis Herry. ; Larix kaempferi Carr. ; Larix gmelini Rupr. ; photosynthesis; elevated CO,

concentration
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K CO BRI R A T AR SHERIL . Curtis 7 Xf 38 M4 R
HEFT T 50T, R0 COIKIETIRIE I H LA RSN T 50% o XSRIL™ FIFIRE T 63T 84 fi %
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BHR (P,) ,FFREREHITIE . BT HEHEH , RREFEWM 2, Bt LATE I E J5 K Bl &1 i B |1, <7 B
FAM-TEFR{X (Li-3000, Li-COR, Nebraska, USA) s H M HFR , A& 3 ECFHME, 2R 5 R4 (Li-6400
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R A B E N HE AW eE (P < 0.05),
2.3 CO, TR X4 HI M s (LCP) JEHIFN s (LSP) Rl K& F 3% (AQY,,, ) HIFE

B3R 1 A I, 7E R — A AR Rl B e Z 18], COL ¥R BETH R i 25 A4 T, K B I FA R H A J5 4 2 45 A= 4l i
) LCP HART X BR, 43 BIREAR T 14% F1 10% , W42 FA M4EA 4 ) LCP HUXT BRIS N T 2% ; K B v& it
AR TE M F 1 AFAE LT 1) LCP 3478 F X HR, 43 BB N T 20% 71 1% , B AT 1 4R A£G i LCP X
HRREIR T 20% o ANIRIEE 5T (1) LCP AL 7E CO TR R T , K BB M A ISV A 2 4R A 4
BIE T VAR, AR | AW T HEELN . XTI CO,ARmEFMHT , HEALH K LCP
BN HATE A > KA > MM 1 FELE, COTHRAFM T AKBEH > HATE L > 2%
T

£1 CO,FE*T3 MIEMHLL E XIS E I
Table 1 Effects of elevated (CO,) on photosynthetic parameters of Larix seedlings

JeRMER JEHIA RRETFRHE
Light compensation point Light saturation point Maximum apparent quantum
(LCP) (LSP) efficiency (AQY,,.)
i H Item
CO, FHF CO, FHF CO, JHi
puid puRii X
Control Elevated Control Elevated Control Elevated
ontro co, ontrol co, ontrol co,
KBEEH MAEH: Current 43.04 36.86 681.74 633.92 41.61 47.05
Larix olgensis 1 4E4E One-year-old 40.37 48.52 724.64 566.73 33.60 66.73
H A< $% H-FA MAEH: Current 51.75 46.35 709.30 843.14 40.56 54.07
Larix kaempfert 1 4E4E One-year-old 47.72 38.00 782.26 920.09 34.43 46.39
MR MAEH: Current 32.64 33.30 560. 47 405.03 28.04 99.57
Larix gmelini 1 4E4E One-year-old 34.71 35.07 558.58 625.36 44.52 41.16

CO, Y& BE T 4 I PR A TR 22 94 A X4 4R AR 41 1 1) LSP AR T X BR, 3 BIFEAR T 7% 0 28% , T H
ATEHAS M LE L HT I LSP LU BRI AN T 19% 5 HASTEHHAAFIDS TR | AR A1 1 LSP 378 TR, 43
FIEINT 18% F112% K EFATEMHA 1 AL LSP Hst BRFRAIR T 22% o ARSI 1 LSP AL LA
CO, FARFMT , KEAEM A SEAL W LSP 5T 1 4EALNE , BASTE AT A 1 AEAE 4B Y LSP
BIEFYEET . XTI COT AT, MEA L LSP AR B AE A > K BT > Xz ignt
P CO,FHRARAETT 1 SFAELHT LSP Jy HATE M B > M LIE 1A > K BETE L.

COYRBETH R IRHE T MK E MR, B AV A FISZ TR AN 4 1 AQY,,,, , LU R4 513 I T
13% ,33% F1255% , K EFEHAAFIHATE P 1 L L B AQY,, 737l FLXT FRIG I T 99% F 35% , i 2%
TEM AT ) AQY,,, HUXT BREEAR T 8% ; CO, FHR 4614 T, K HTE ML | SRR 4B R T M A 4H, H A& it
WFINEEM A S EEY B RS T 1 ALY CO TR R LEAEL N AQY,, LR > H AT

> KEEHW ;1 EELE R AQY, K ETEML > HATE A > MZHEM A, UL CO, TR EMRARE b
Xof PP A AR AR S A E TR R 1 AR AR G 1) AQY,, R fRFER .

3 itig

3.1 COFHEXf 3 Fpyg 6 G A BRI

BREEAER AR F RSB EEAR " . AR RN, Bk L, CO BT RHAERNFRE b
TRHET 3 FIEH AR AER (B 2) , K AEMASEA 1 FEL K PR3-S T 91% 183% , HA
TEMAR S AR T 71% F194% , XeZTEMAAST HIBEE T 32% F1106% , X 5 KZH0EH (BT 2503 ) BHR
gERUSER B, W] LA CO,THR AT RS H Y B A B KIB IR . Eguchi 1 R, ZERER
RHIERT,CO TR 5 NHJG, HAREMN A 2 F£AGEFEE I X IR T 12. 6% K FALE
HAEHAOGEHE, XA RS RIRRIA 6, (B2 —Le otk i, BEE Ab 3 (8] 4 i<, A ok
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ARSI T R, BN TRAEMIE " . EASX 2 FERKAETAME T T 2 MEKZE CO,
THE b (X Z AR R E A CO,THRALER) , KRB CO, THm fi K B ¥ i Ak iR Rt & R e T
36% , HImR AR TRATA LRGSR . XATAER i TR B R A T 046 3&E L, tL Al fE AN At 3R [ 1
A EEMALE COTHRERIEH TR AEM LG R R, X 54U LK REAR 3

WEFEEE SRR, CO,MBETH R 3 Foh ¥ s B PP IO SRR RIBEE 3R . X 5 RS BB FLE R — 2o
FEARE I A BISR Y, CO, WK BETH R 6 i WEPR IR A F BT, R4 I CO, M BT
SRR R I B IR AR . — Rl TARIER COMET WY St /RN R, e R RE
LAAEZS M PERR K AL & W T AR T A R SR A P I R ) SRS 088 o, AT S P I P PR R s — R
i COMETT  MWAER R TR EEZNBRAE LR ATP MG REEWR I P E =Y, ZoRETE R ER KL
VPR SR AL L) R A AE B, AT B PPV P R N3 o (B3R /N %6 PSR BIF IR R L, S CO, T+
AL PRAERZAET IR R R . R A RIAE X CO, T iR B S A BT A ], 3 AT RE -5 W Fh A B B e
5, R BB, K A A B T B S A IR BRI T K

AQY,, Fl LCP AR A FFOLRE I M EZIE AR . R AQY, KRIEY R SHRELRNEREAR S
AT R % , RIS I BE F1 R . LCP VIR WX S0 BRI A3 % . S2e R W CO, T fifil
3 FhVE AL 9 AQY, SR AR AR R BB AN, RIS IN T 5506 R VSR o Hrp X422y i AA A S5 OB I BE )
Bk, KRABEMIMRZ o LSP BT P SROE M BAF AR RE ) | s U8 B A ) 18 32 B SBOE R BN AR 5 2%
A . AR CO,THRE B AT AN HARE A 1 AR A B TR 1 AR AR QR B LSP #8717
VI AATE COYRBETH R KOS 00 T O & MR AT BRI A J. T B9 M FA B9 LSP R B F M, X 5 £ 4%
S BB AR, AT R B COTHR B AT I FA MY LSP FHi o 3 AT AESR i T4 4F i, Ab 3 ) B 3
FFEER T (AEIREIE) ARIMZER . KRS WRI CO AN T  FAM LCP IR LSP &
KT HEPIXE 6 EA FAVE R, AT e R AL &

3.2 3 FRVEHART CO, T o i o AP 1] 22 51 B HL AR P RN A 25 A

AT FERY 3 MM REESZ 2] COMBETHR , W IR AR PR RFPER IR . SR CO,
WETAEREICEENE NRERB R BAFRHRANCZE M | FEDEDER RN RS, BREER
KRR COTHRMIELLT , A ATE AR L AN AT BERA SRR ST o 18 CO, MR BEN T e 48 ) Fry 1
DT, AN P > KE Y > XM, AT L H A9% AL 596 &1 F RE 0 38 3 K T B % i
FINAZTEIT o X 53 3 FEM AR KB HDOES BE BRSO R —30  BlfEE Kb B ACTE
HAAEDEE RENTER IR B, R R B AL N LR MR G BE i iR BIFERM, BiA b B A&t
AL P IR AR R LA 9 R RIS 2 T AN AR, TG A RE DB , BN 9 P /R, RIS S
IR AR FHEIXT SLGE— R R ERE H ASVE A B B0 I BE R R AR, LR Toba = M m A Y B AR R
Xt T B A AR R B R 40, CO, THR 4R = T LSP MIREAIR T LCP, Yi B E T T3 55 6 A58 6 B A F E 1 3
B, XHOEIRG G NLE BT , R PR B R . BUREBETERR R COMBETR AT, B AE M TE
EBRGEE LB S T AFMERE, TR TR MR SUTT G AR, 0% 2 9% i Ak B T 7EROL A F
TOBREA R, 6 A AL EE ST B B2 B, HA RSSO A RE AT BGR . B iEE e BA — 2 AR AR
S TIFESER.

A I AR FRIE L E 5 H AR M SRR M0 R AE S M WU — e BRSO
TESRTHR H T, BRE AR IO R4 2 Al A1 Y A BBl 20 A VS BB 2 AR AL RS SR B i i /1, B 2 9H
&K, KEARMARK TG BRI AT REY Ko T B A M AAERR E RSB, LB R 45 R
AR ZE KTEA BB MRS S SRR, 1E CO,WETHRBFM T, K EEH AR H A i
MEABRIAERKEEE, A AFHRGEAHE . Hit, 7245 E R — B A, 7T A NGS5 9% i
H AR Y5 HHA B0 B AR FR S R, R TR ARV 5 3 W e I WA A =R K, I TR AR L ARARBRAIL 38 i B A
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HER S EBMAETTE L.

ABFERAEN T BAEE R AT HATH, AT ATE—RERR L LRk 3 A ARl BXF CO, TR RDEE 4
BRUERE , B AR AL BRI R X B, (EARAE R T 72— A K Zrp CO TR B RE S IR s 4 B OB B VR, T 2
PN AR RE o BIER B SR, 7T A K CO, TR LB T 4h i AR KA R A R 5, L
IR AL L IR

References :

[1] Murray M B, Smith R I, Friend A, Jarvis P G. Effect of elevated [ CO, ] and varying nutrient application rates on physiology and biomass
accumulation of Sitka spruce ( Picea sitchensis). Tree Physiology, 2000, 20(7) ; 421-434.

[2] Wolfenden J, Diggle P J. Canopy gas exchange and growth of upland pasture swards in elevated CO,. New Phytology, 1995, 130(3) : 369-380.

[3] Teskey R O. Combined effects of elevated CO, and air temperature on carbon assimilation of Pinus taeda trees. Plant, Cell and Environment,
1997, 20 (3) : 373-380.

[4] Robemtz P, Stockfors J. Effects of elevated CO, concentration and nutrition on net photosynthesis, stomatal conductance and needle respiration of
field-grown Norway spruce trees. Tree Physiology, 1998, 18(4) : 233-241.

[5] Matamala R, Drake B G. The influence of atmospheric CO, enrichment on plant-soil nitrogen interactions in a wetland plant community on the
Chesapeake Bay. Plant and Soil, 1999, 210 (1) : 93-101.

[6] KingJS, Thomas R B, Strain B R. Growth and carbon accumulation in root systems of Pinus taeda and Pinus ponderosa seedlings as affected by
varying CO, temperature, and nitrogen. Tree Physiology, 1996, 16(7) : 635-642.

[ 7] Curtis PS. A meta-analysis of leaf gas exchange and nitrogen in trees grown under elevated carbon dioxide. Plant, Cell and Environment, 1996,
19(2) . 127-137.

[8] Zheng FY, Peng S L. Meta-analysis of the Response of Plant Ecophysiological Variables to Doubled Atmospheric CO, Concentrations. Acta
Botanica Sinica, 2001, 43(11) ; 1101-1109.

[9] GuoSL,Yan X F, Bai B, Yu S. Effects of nitrogen supply on photosynthesis in larch seedlings. Acta Ecologica Sinica, 2005, 25 (6):
1291-1298.

[10] Wu C, Wang Z Q, Sun H light, Guo S L. Effects of Different Concentrations of Nitrogen and Phosphorus on Chlorophyll Biosynthesis, Chlorophyll
a Fluorescence, and Photosynthetic Rate in Larix olgensis Seedlings. Scientia Silvae Sinicae, 2005, 41(4) :31- 36.

[11] Prado C A, Moraes J V. Photosynthetic capacity and specific leaf mass in twenty woody species of cerrado vegetation under field conditions.
Photosynthetica, 1997, 33(1) :103-112.

[12] Zhao X Y, Wang C K, Huo H. Variations in photosynthetic capacity and associated factors for Larix gmelinii from diverse origins. Acta Ecologica
Sinica, 2008, 28(8) : 9972-9981.

[13] Eguchi N, Fukatsu E, Funada R, Tobita H, Kitao M, Maruyama Y, Koike T. Changes in morphology, anatomy, and photosynthetic capacity of
needles of Japanese larch (Larix kaempferi) seedlings grown in high CO, concentrations. Photosynthetica, 2004, 42 (2) : 173-178.

[14] Wang M, Hao Z Q, Ji L Z, Zhou G S. Effect of elevated atmospheric CO, concentrations on photosynthesis light response characteristics of three
coniferous trees species seedlings. Chinese Journal of Applied Ecology, 2002, 13 (6): 646-650.

[15] Lindroth R L, Kinney K K, Platz C L. Responses of deciduous trees to elevated atmospheric CO, : Productivity, Phytochemistry, and Insect
Performanceby. Ecology, 1993, 74 (3) : 763-777.

[16] Tupker K A, Thomas B R, Macdonald S E. Propagation of trembling aspen and hybrid poplar for agroforestry ; potential benefits of elevated CO, in
the greenhouse. Agroforestry Systems, 2003, 59 (1): 61-71.

[17] Xu D Q. Photosynthesis efficiency. Shanghai; Shanghai Science and Technology Press, 2002 ; 13-48.

[18] Gunderson C A, Wullschleger S D. Photosynthetic acclimation in trees to rising atmospheric CO, : A broader perspective. Photosynthesis Research,
1994, 39(3) : 369-388.

[19] Zhang X Q, Xu D Y. Seasonal changes and daily courses of photosynthetic characteristics of 18-year-old Chinese fir shoots in relation to shoot ages
and positions within tree crown. Scientia Silvae Sinicae, 2000, 36 (3) : 19-26.

[20] Teskey R O. A field study of the affets of elevated CO, on carbon assimilation stomatal conductance and leaf and branch growth of Pinus taeda tree.
Plant, Cell and Environment, 1995, 18 (5); 565-575.

[21] Wei CM, Lin Z F, Kong G H. Effects of elevated carbon dioxide concentration on photothynthesis of seedlings of two woody species in subtropical
forest. Acta Botanica Sinica, 1996, 38(2) ;123-130.

http ://www. ecologica. cn



2

BTE F:3 MEMALIEXT CO, TR KOGE A B R 323

[22]

(23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

Jiang G M, Qu C M. Photosynthetic pesponse of six woody species to elevated CO, in Quercus liaotungensis forest in the Beijing mountainous areas.
Acta Pgytoecologica Sinica, 2000, 24(2) ; 204-208.

Zhang X Q, Xu D Y, Zhao M S, Chen Z L. The responses of 17-years-old Chinese fir shoots to elevated CO,. Acta Ecologica Sinica, 2000, 20
(3) : 390-396.

Jiang G M, Lin G H, Marino B D V. The response on dark respiration of some tropical rain forest and coastal desert plant species to the elevation
of CO, concentrations. Acta Ecologica Sinica, 1999, 19(4) : 519-522.

Zhao X Z, Jiang H F, Mao Z J. The studies of the photosynthetic characteristics of Larix olgensis Herry. , Larix kaempferi Carr. and Larix gmelini
Rupr. Seedlings. Bulletin of Botanical Research, 2007, 27(3) :361-366.

Chazdon R L. Photosynthetic plasticity of two rainforest shrubs cross natural gas transects. Oecologia, 1992, 92(4) : 586-595. .

Liu D, NaJ H, Du C Y. Zhang J X. Changes in Eco-geographical Distributions of Major Forestry Species in Heilongjiang Province During 1961-
2003. Advances in Climate Change Research, 2007, 3(2) : 100-105.

Leng W F, He HS, Bu R C, Hu Y M. Sensitivity analysis of the impacts of climate change on potential distribution of three larch ( Larix) species
in northeastern China. Journal of Plant Ecology, 2007, 31 (5) : 825-833.

Li F, Zhou G S, Cao M C. Responses of Larix gmelinii geographical distribution to future climate change; A simulation study. Chinese Journal of
Applied Ecology, 2006, 17 (12) : 2255-2260.

Tupker K A, Thomas B R, Macdonald S E. Propagation of trembling aspen and hybrid poplar for agroforestry: potential benefits of elevated CO,in
the greenhouse. Agroforestry Systems, 2003, 59(1) ; 61-71.

B EHk:

(8]
(9]
[10]
[14]
[17]
[19]
[21]
[22]
(23]
[24]
[25]
[27]
(28]

[29]

R, 320k A A PRA SRR KA CO, MR BE R M R 45 J0 . MH2441,2001 ,43 (11) « 1101-1109.

W, BT, UK, T PLRUKTP X ALl i G AR IR, 42252441 ,2005, 25(6) » 1291-1298.

RIEE, LB, I, SAEEE. RBRHLAXHK B AL 4R & B R RSO A B R K. Ak Bl#, 2005, 41(4) :31-36.
EF, WAL, ME2AL, FSM W COMBEXHRAT =R A SR AR KR . A AR, 2002, 13 (6): 646-650.
WREE. MR, i BEREEOR R, 2002 13-48.

NG, BRTERL. A HPIRAMOR RIS AL A B M & R IR B AR A5 284k, Akl 2000, 36 (3) : 19-26.
FRW AT FLENE. MY, 1996, 38(2) : 123-130.

R IR SO I ARBRAR R LR AR AR AR TR COL M BETH R MR RE. A4 A 452241, 2000, 24(2) : 204-208.
NG, WRAERL, BASEAE, BROPIT. COM AR A PG M OGE AL BEA AR, A2 25241, 2000,20(3 ) : 390-396.

W], MOGHE, Marino B D V. JURHv HIARS5 S BRI WA XS 5 CO, MR BERYMIRE. AR, 1999, 19(4) :519-522.
BOBAT, LR, BFE. KEEM B AT A& AL A MR LS. RWIBTSE, 2007, 27(3) :361-366.
XUFE, ARGk, LI, BKREIMR. 1961-2003 4R RIRITAR FEMFI A S B, SURASMLBIFE IR, 2007, 3(2) :100-105.
BRI, WAL, A, Whm. hERIGEHHE 3 RPN X R BURE M. MY, 2007, 31 (5) : 825-
833.

P, JJHE, BB, DRI X ARALAL N AL B R A A2, 2006, 17 (12) : 2255-2260.

http ://www. ecologica. cn



	02a39.pdf
	02a40.pdf
	02a41.pdf
	02a42.pdf
	02a43.pdf
	02a44.pdf
	02a45.pdf

