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mes”)  BNERELER (0.4 mmol-m™*-s”") , Pearson HAMTRPA XA RRGSILFE KB EE
BRI B ERIEMHR(p <0.01) , MNEWHEN S RAEHAITRIESHT, R 30 MR RIS 4 4B, &
VR EEARENER IR T AR EESREFHHEN EES,

RER: LA KRR EAHEY; B8, TRILER

FE SIS, Q948.1127.1; Q945.11 XEREERIARS: A N EHS: 1000-470X(2007)05-0451-06

Comparison of Gas Exchange Traits of 30 Plant Species in Subalpine
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Abstract ; The Qinling Mountain is one of the hotspots for biodiversity conservation in China,and the sub-
alpine meadow vegetation can be an indicator of the environment change. We measured net photosynthetic
rates , transpiration rates,stomatal conductance,water use efficiencies and intercellular carbon dioxide con-
centration of 30 species in subalpine meadow of the Qinling Mountain of Shaanxi province to explore the
adaptation strategy of meadow to subalpine habitat. The results showed that the gas exchange traits were
quite different between differert species. Ligularia hookeri had largest net photosynthesis rates
(18.75 ;,1,mol'm“2 -s™") ,and Pedicularis verticillata had lowest photosynthesis rates(0.73 pmol - m’*-
s™'). Anemone obtusiloba had largest stomatal conductance(2.99 mol-m™:s™'), while Euphorbia hy-
lonoma was the lowest (0.04 mol - m™ +s™'). Transpiration rates was largest in Fragaria orientalis
(6. 14 mmol-m %+s~") and lowest in Iris ruthenica(0. 44 mmol-m™2-s7'). Pearson correlation analysis
indicated that there were significantly positive correlations between net photosynthetic rates and stomatal
conductance and transpiration rates( p <0.01). Based on the gas exchange traits data, these 30 species
were divided into 4 groups by cluster analysis,and the diversity of gas exchange traits among species indi-

cated the relative importance of different species in the subalpine meadow ecosystem.
Key words: Photosynthesis; Water use efficiency; Grass; Qinling Mountains; Subalpine meadow
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MRNESEFEEDP TFHFEER, T ILESG
YA RIENTRAEANELS, RENTREESE
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BREIMFLUEDEESEHANELR FRER
(AQY) #Mmf%k, H 3 MMM A ESRHEARKE
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RIR, BMEZERBMNDEMER. 5 I ig
8 RS RS SEE AR EERRERK
EERANAEEREENR FREHFFEING6 A
>TH>8 A>9 A, BREEMNBETANLEE
g 5 ENE = E TR,

ZRRRENEATHE A SHEERIEER
M E Kz — FE IR 3400 m DA IR
BN ML) 8%, KA SR eI
WK AR E R AR MM A D BIER S
WX, B T LA LU TR, WA LA KBTS
REFEEFRAENER LEG, TEILESEHRTK
PZEBRABEPEE KR GRESRIESER
A BRI R S M, X BRI R AL 3R B U, 3
BT B T e A R 25 A R AE B AR AR @ N L
U, (BF BRTRIE, REA RN EK T &I
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£ HulE CO, ERIHMER BTN, UERES
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1 #HMTE

1.1 HREER

BFFT X3k LA FREPE A W i s R R R
KRB LR, Hokk 220 H Br I UK (33°42'N, 107°
43'E) , ¥R 2806 m, )& T Il B < 1%,1 AR
-2C,7 AHE27C EX KB 1 ~6C £
Rk E >2000 mm, HHENEARMANE M+, Kt

BEELFAS MRS, MBUBER. S
FUER.FAR.ERN . XSR . A BE
BHERL R MRS KR4 ~9 A 116 ~
8 A MR EL 10 ~30 em, L EYF & E AT
K40 em DA b BEVE 3 E—ME7E 80% L TP
1.2 Y#EfHESSELHRYDE

KEYHELSLERGRNESE.EE MR
DY SRR 30 MR, BT IS B 2S B(FE ),
FFAM LA MIE F 2006 45 6 A TR RS
AT . TESC R s FEALE USRI 5 AN R
MK, F L4 10:00 ~ 1300, F F LI-6400 fE#52
KA NE RGO B, WEFMERT S
B —AF BATBH (AL THEE )
RSB EAFAE , FH W E S N EE ., H,CO, ik
FE A 370 pmol-mol ™', B FE B F PFD #tN
1500 p,mol-m-z-s_lo MENSEIFEQRT . BHE
HH(P, ,pmol-m™*+s™!) FEMHEF(T, , mmol-m -
s ) KILRE (g,,mol-m™-s7") [ Jia] CO, ¥ F
(Cpmol-mol ™) M HBE(T,,C ). KKBE
(T,,C)%, KAOFAKRE(WUE) RELAXITE:
KOFFARE = XEEF/EBERE HE1
WUE BUEE{E A P, T, Frxd bl I B 1E .
1.3 RS

BHAEE SILTE EBEE KR
RFHaE] CO, WER S MBI IE; FE0H
(One-way ANOVA) KR ZEY P EFHSHNER
W TERES I S YRS ER A
EILTE KO F FAREMMEE CO, ¥ EFFE
T4, IR RO BT, BAERRE
2K -, TR AT IEBOE AR AL B B AR
HZIER A B I IE R AN R =R ; § A Pearson
HEXRRPORW E XY S ISR AR, BT
A 5514 #1175 Excel 2003 FISPSS13. 0%k {4
SR o
2 #R

2.1 XEREMNMEESR

0FMYFH NS EHFEEDFHERIAS R
(p< 0.05) (1) 23 E (Ligularia hookeri) )t
KA EFNRE(18.75 pmol-m™?+s™!) Tk
¥ ( Pedicularis verticillata) 23 %% (0. 73 pmol +m -
s™1) B4R 7 ( Anemone obtusiloba) S fL R E K
B (2.99 mol-m™?+s7") , b K8 ( Euphorbia hy-
lonoma) 1% (0. 04 mol-m2-s™") ,86. 7% I
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Table 1  Photosyntheic traits of the 30 selective species in the subalpine meadow of the Qinling mountains (n =5)
BEAEE SRR AmEE  Akafmme SN CO WK
% B b contumee ™ iy cbon doide
Species Family (p,ntlof-m'z-s") (mol'm=2+5~') (mmol-m-2-s-1) (p,mol-mmoi,") concentrati?{l
Zts (% 2s) (%+s) (2%s) (W'?;‘;“SO)I )
i?;ghfmmhya Cy%f;ﬁae 11.64+0.86  0.36£0.00  2.21£0.29  5.370.87  294.13 5.9
’Cj;gmfam Cyﬁﬁﬁm 6.77+0.67  0.47£0.01  1.79£0.08  3.27£0.24  328.47 £2.75
ﬁgﬁﬁpmnﬁ Bak 9.60+1.82  0.46£0.20  1.6120.26  5.90£0.35 315.28 +5.34
wE igrum aa 8.18+1.31  0.48%0.11  1.69:0.18  4.82£0.66 317.64 £10.01
RURE il 1.20£0.91  0.0920.03  0.4420.08  2.63£0.25 340,07 £12.77
RESR BEH 7.59£0.50  0.42£0.13  2.05£0.26  3.76£0.79  312.6015.03
ﬁ?gfm scipaishanense Polyﬁﬁcm 8.95+3.67  1.1320.10  1.74%0.63  6.3420.16  307.53 £10.89
BB Pelyiccas 13.00£1.95  0.80£0.30  3.06£0.37  4.24£0.22  312.605.47
R, b rBBB 0 1L47:3.18 2.99:1.84  2.1020.87  5.61:1.78  328.7222.87
MERER® ot 8.42£2.16  2.0240.41  3.48:0.45  2.4320.54  343.27 £2.05
ﬁﬁfﬁ‘mwm rBBF 14135072 1072013 3.2920.15  4.2920.22  318.00£3.00
%{%ﬁ%mi L A 7.8243.32  1.0620.63  1.1720.48  6.54%2.34  335.87 £14.90
ﬁfdfl?m”m Paffrﬁm 6.91£1.00  0.38:0.09  4.34:0.79  1.64%0.13 316.80+2.14
ﬁ%ﬁﬁ%}ummimm Pafv?rﬁm 11.08£0.88  0.87£0.31  5.2320.49  2.12£0.10  312.87£6.91
ﬁgﬁimm gﬁﬁe 17.98£2.28  1.2120.18  6.14%0.52  2.9320.20  302.47 £5.72
icﬁ?fﬁfymmum W LER 11.42£1.17  1.1920.60  5.49%1.06  2.17£0.50  322.10 £12.07
Eﬁ%ﬁ% hylonoma Eupﬁ%ﬁm 1.59£1.21  0.0420.03  0.47£0.32  5.0421.12  262.30 +18.83
%aﬁ%‘%m JERR 15.3043.00  1.09+0.35  3.06£0.48  4.67£0.47 315.03 £5.72
st pelinensi IR 9.08£0.97  0.640.19  2.39:0.05  3.81£0.03  320.27 £6.25
En%lfmiib cabromarginata cEMR 4.20£1.13  0.18+0.05  0.86£0.22  4.13:1.21  328.07 £10.81
fhfﬁ%wgalam Nidal 13.1842.29  0.87+0.19  3.30:0.18  3.9920.66 311,10 £12.40
BB e scmpzhiﬁcm 0.73:0.36  0.15:0.01  0.81£0.04  1.20£0.41  353.07 £9.60
%;%:u};ﬁg}}ﬁmhom subsp. scmp%iﬁceae 9.01£3.33  1.3221.18  2.1820.78  3.48£0.26 341.67£1.99
ﬁrﬁ%ﬁ%ﬂm@ scmpzhl?ﬁcm 7.20:2.74  0.24£0.07  1.32£0.27  5.30£0.77  303.20 £14.37
Eaﬁgmq:famm Cmﬁﬁm 17.4451.85  0.76+0.18  3.600.36  4.88+0.34  295.28 +7.62
A Cmﬁﬁm 5.91£0.73  0.49%0.33  1.87:0.44  3.01£0.46  330.84 £9.10
,%ﬂig%ffmlm Colﬁﬁitae 18.75+£4.20  1.1120.45  4.49:0.63  4.20£0.84  301.60 +14.25
ﬁfwjﬁﬁl mithiamum Colﬁﬁtae 7.33:1.12  0.44£0.21 1.85£0.58  4.19:0.93 314.64 £11.71
ﬁﬁﬂffdm@ Cmﬁﬁm 11.08£0.38  0.46+£0.05  2.18+0.03  5.08£0.13  304.53£7.25
ﬁ’ffm igrescens Cmﬁﬁm 13.342:1.15  1.06£0.71 2.85+0.30  4.63£0.65  314.84 £5.01
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HSIFENTF0.15~1.32 mol-m* s~ Z &, {X
A UM 45 SE 1L Fi/NE B E M§ (Anemone rivularis) B
HHEHSAFER T2 ml-m™?-s7', KRFEEH
( Fragaria orientalis ) ) Z& 8 3 32 Jy £ 75 (6. 14 mmol -
m?.s), BEE R (Irs ruthenica) Xy & K
(0.44 mmol-m™2+s7') , B4 ETE (Trollius farrei)
7K 43 F FAZE Ry B 75 (6. 54 pmol - mmol ') , 1
D5 N BAK (1. 20 pmol - mmol ') , Mg fH] CO, ¥
AR YR E R AN LB , RAE ML
H M # f 25 ( Parasenecio auriculata) . 35 8 &
( Carex heterostachya) =FFAEY) I JR[E] CO, I EK T
300 p,mol‘mol_]c
2.2 ATHABEXAFIENER

BASHTADRE 30 FAEYIS R 4 NAESER(E
1), £—4H3L 10 MF, IR E B ( Gerani-
um pylzowianum) \F K ER 4% 8 ( Meconopsis quintuplin-
ervia) ., BRE HE ., E & M E % (Saussurea iodoste-
gia) KRAEBE P ( Phlomis megalantha) \FBR¥E ( Rumex
acetosa) « it % BL ( Saussurea nigrescens ) . X H & 3k

— EKAR EBEE Geranium pylzowianum
Bk REE Meconopsis quintuplinervia
EH EH Carex heterostachya
KEREFH Saussureaiodostegia
KALKED Phlomis megalantha

1\ FR¥E Rumex acetosa

3% B Saussurea nigrescens

KB &k Aconitum taipaicum

XA &3k Viola biflora

— SU$RE L Anemone obtusiloba

— BR F Cortusa pekinensis

{H KRE Leontopodium smithianum
BALER Iris wilsonii

B Veratrum nigrum

Fly IR GN Veronica tsinglingensis

KL BIE L 558 Pedicularis rhinanthoides
Subsp. labellata
2| KBk Allium prattii

A B Z Polygonum taipaishanense
B &% Trollius farrei
Ry RE Corydalis cristata

(Aconitum taipaicum ) | X 1E B3¢ ( Viola biflora) 15
MREAE , HOL R E R SO S R E R , AT 11 ~
15.5 pmol-m™?-s™' Z o] , KB HER SILFE Ko
FIRAS RO ; B A 14 T~ Yf, BRRIRE
(Cortusa pekinensis ) \KIBAL L HCE ( Pedicularis rhi-
nanthoides subsp. labellata ) | 48 F ‘X 48, ¥ ( Leontopodi-
um smithianum) AL 2 B (Iris wilsonii) B ( Vera-
trum nigrum) . ZZUS M ( Veronica tsinglingensis) \ K
H 3k (Allium prattii ) . KX B 3 ( Polygonum taipais-
hanense) %% & AL . F WK 5 E ( Corydalis cristata) |
/INEEE EME A ( Cirsium leo) ./NE B ( Carex par-
va) FI ¥ f& 3 ( Gentianopsis scabromarginata) , 33k
FAHERSL & R, /- F 4 ~ 10 pmol-m -5~
Z 6], 8 E R SILFEAN BB S =4 3 A
YR AR EEAE R SRS e s, Ik
PR A ERIRIE, AT 0~2 pmol-m™+s™" 7§
BRI EWARMR; B WA 3 MR, a5
MERE M EFENA RS, HItRRER S
HEERHEE, KT 17 pmol-m ™ s, SILRE K

WNEE XK Anemone rivularis

#1817 Cirsium leo

/NE& B Carex parva

L #0741 K& Gentianopsis scabromarginata

[ KEER Iris ruthenica
3

Wt D%k B Pedicularis verticillata
%1 4t K#% Euphorbia hylonoma

Bt FE Parasenecio auriculata

I: M EE Ligularia hookeri
4

%} B4 Fragaria orientalis

Bl RREHLER

30 HEDBESFRSE

Fig.1 Cluster analysis of 30 species using their photosynthetic traits
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RGBS, (A CO, WRBERHK.
2.3 ESREREXYE
HFHEERESARE FBERZ ARAL

HARZ AR B FERIEMAR(p <0.05), 7 M
REKAFIRABEZ AR BFHNRARX(p <
0.05) , /K 5+Fl FIZ % 5 i [A] CO, YR BEZ [RIR I

WMEFENEMERX(p<0.01) (F2) KILFESHEE EBEENAMEX(p<0.05)(F2),
R 2 FHWRISHEERY Pearson HX BRI

Table 2 Pearson’s correlation coefficient between the measured traits

A
TR ﬁtygﬁﬁi

Traits thetic rates
(pmol-m2+s71)

SASH

Stomatal conductance Transpiration rates Water use efficiency Intercellular carbon
(mol:m~2.371)

Ha[B] CO, et

REEE 7K S F Pl %

dioxide concentration

o2, -1
(mmol-m™%-5 %) { pwmol+mol 1)

( wmol - mmol ~')

B S HE (pmol-m™2+s7")

Net photosynthetic rates

KA RE (molem 257"

Stomatal conductance

B EE (mmol-m2.s7")

Transpiration rates

KA FAZL#( wmol - mmol 7' ) 0.224

Water use efficiency

HEIEICO, ¥ (pumol - mol ')
Intercellular carbon dioxide concentration

1

0.478 ** 1

0.730** 0.392°
0.120

-0.326 0.237

-0.380" 1

-0.157 -0.422* 1

HE: FTHXEMTHYR N 30; *, p<0.05; *+, p<0.01,

Notes: n=30; *, p<0.05; *x, p<0.01.
3 iFig

3.1 XAFUEMMEER

Smith and Grifftus AN BP A & A G TE AR A 15
PR, ENTM AR EFERENFEE
SR RBRFT A ZIA T 5 1L B ) 30 FhELASH Y
BFFTAUESE T X — s, 30 FF & 1L B A B A A ) 1
AR EBEE ST K F AR
6] CO, YEEFERPRIMERBR(FK ) . FBAPR
RUFNEHERESSARERKIFAREZ AR
R BEREMREK(p <0.01) . MEBHRKIKF
LT (R3) , NFHAHD RS B K
RRILFERBEFHHED S HE L 26.7%
58.0% F141. 8% ,{HsK 43 FI FIRCR FB[E] CO, ¥RBE
HETATHEY, HERSE AEEEEE
778 R BT R R, X F MY L& B
R ZEBBBRKSFABCESE TR Y, X
S5FPrR PR EFIEA AR, HIFE M
WASKNEFTFEER, 5 —FEWAT ST
FBRMPRXMNR PSR F) MEANEE KR
MIRE .

MHEDRL KT Lo, #b e E B SR
P \ZE B T K 4 R RCRERH A 2 RBOK, MR
Co, EERMNERR/N. BERF.ZSH.BE
B REFFEEBR, TR BRAL EAHE
YR EE AR R, X 5B MAESRE
XD, ERMMYAH TEGNEKNML, X5

£3 FRENANNSHE
Table 3 Photosyntheic traits by classes
TFHEYHN BFHRAYR

Dicotyledoneae  Monocotyledoneae
(Zxs) (xts)

KB FFIE

Gas exchange traits

HHEHR(umol-m™2.s7")

s (ol m 10.26 £4.74 7.50 £3.53
SALRHE (molom ™25 7) 0.90:0.64  0.38£0.15
Stomatal conductance : : ’ ’

2, -1
?ﬁﬁﬁ;ﬂmﬂ;‘“ s7h) 2.80 £1.53 1.63 £0.62
AKSFI AR (pmol-mmol ™) 3 99,1 49 4.29£1.28

Water use efficiency

HE] CO, ¥ ¥ ( pmol -mol 1)
Intercellular carbondioxide
concentration

FLEEARHEY 1 TR RN X3k, X R0 A
RS I ROR S A A RS2 R B AR S5 BE D
MR AR, SR OE A RHAEE AR N BE K. TR EFHA
SR AR Y LA R B R RIS 43R T ISR
ML b, AR AT AR, K EH Y
HRK B, EEFHEEAMIER.

MAH PR 7K L4 , AR R R R LKL
EHRNHY RERER RS ENTCEER D
F|34 11. 08 pmol-m™*-s ™' F1 13. 34 pmol - m ~? st
FIX TABEST b LA R SR LR B o Shi 21% %
HREERILEGEF B EIEY) Saussurea su-
perba FIBF R EZH, ZHHEY W EALEHERPNT
5 pmol-m~*-s”', XFFEIBHYZIAMERAF R
BRT RP IR R b, d B T R RIS 8 X BT R YK
TIPS R IERIRE N, Shi BRI ERMTE
R RS R 3200 m &b, JB T BB RORREHE S

316.53 +18.50 318.03 £15.51
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5%, SF R FEEREK B AR T R0, NTTEw THY
BB AR E o K R4S SR IR 30 X BF A /NI B
EHHEEHETRAA, KEIRMX (1950 m) 4£
KHR/MEE TSNS EREEE 12 pmol-m ™2 -
s TIABIIT PR LB A/ NMEE EMHE LS R
H}78.42 pmol-m~*-s7' W] WHEHIREEFE, R
BTk, SILS EREAR, T HLIRZUN R IMES bR
HERZEN, SBREREXEYEEER TR,
3.2 ATHBEXAFIENESR

Y TR GRE CREESHFRRAE
AR AEBREMAEERETERE AP E
A, RITERAZFHAESEIE 4 MARFHE
HENER(XK]LD) ., YRHEXHIARREENE
SEHFEHREERY, E—amEYH FERE
KETEREZHOLEMRBEL K CO,, M i
BIKBAMERE , AR TS ERNHT, TUHEE
MEEFEENRR . FHEW R REEI
MR, 2 M ERA X, BT U Z R RER b
Y, ARy E S EHMEY ERE TR, X2
HHAMNEHEAERK. F=HEYH FERY
R/, B RS RAMA T HEE P R, BT
AFHEERAK, FUAEYDSHEREX, R K
SERR, AAETEEKHER, AMUAT U #
RSy 3B AT LA R B 1 0 o IR OK 4 AR SR P IR
DAk B3R 4 A KSR, BT LA B E A A
BRE, SHLE A EER , XU — MU
RBLT H Y B S5 TR EBEHXRR,

4 it

BRI RHBEHBIFERREARRPRER
WIFE A 30 ERHEYHEXEER SKILBE.
FZERE R KA FIFRCE Fi e CO, WK BEEAFAEAEAE
YRR B FHERIAE TRRKHZ R, Pearson
HESTERSEAEGERSSILTE BBEERY
FERERBEMEMRK(p<0.01), HARERS
Hith REA YA RERAEZR, MR ER
e EEEMIBAMAEER IMERIER, RN
YR B TRIE R E £ B WY SHEHREER
>SSV F MY R EE , LASE 4 TH E SCH R
T LU e %o B B 4003 7 SR, Ay v LU A AR R 4R 1
IR

it IR AR R R DR N B2 B AR
ATHEL BR EZARLBEAHFIEEREARRPK

BRI, BRFATB M ARG TREENERLME
W, FEH—FF B!
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