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Abstract; Whether plants adapt the local condition limited or not mostly depend on whether they may coordinate the
relationship between carbon assimilation and water dissipation or not, that is, plant water use efficiency is the key factor of
their surviving. However, at the different scale, the meaning of plant water use efficiency is different, this paper summed
up the studying progress of WUE at the leaf level, which it is mostly researched in the recent, and presented following
points studying the leaf water use efficiency for the future: for the methods, Foliar carbon isotope is the optimal way
measuring plant foliar long water use efficiency at present, and the substitution indices of 8" C will continue to be a
prospective direction; For studying contents, we should strengthen the research on 8" C and WUE of the riparian trees in the
extreme arid area; Combined the plant ecophysiology, biology with the stable isotope technique, exploring the mechanism of
plant foliar water use efficiency, especially reinforcing the studying of laws and interior mechanism of plant foliar long water
use efficiency variety by means of the model of double isotope ; using multi-means, research on the WUEs through various

temporal-spatial scales and conversion.
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Fig. 1 The pathway influencing on the leaf water use efficiency in plant

SR, M e =R (R 1)) 22 A S BUK 20 AR AR B R Bt EZA I AL R AR LA
Ro A EZORH THRNMEE R = EF R 725 & MR ALER KM, e E 2R i T
PO 1 B R LB TE M T, 87 C (B ML RB I 258 Rt

(D) SFLBRHIEE AR BRI BEK M T BRI Lt AL ™, i, ] CO, ¥ B
(Ci) T REREAI , LA RE LRI A ™ COL AR, 3 87 C M K. (BB EYBEE K e mmE, <
LR B RIS ™ o XA AR RS ILMR AR K TR DA, S SALBEFR RR TR
FLEIRBIR LR . Bumt, B fa) COMRBERNR, HHAIN 87 C EREIR. UL, SALBRHIH— R AT B IR R Ci
WEAR, AR AR P, 5RALRE gs BUEAX,

(2)AFALRBIER  TEAKIUHE T, BRI T TR, (EAE CO, ¥ BEAN 2 B i 2l 8
AZERE N o A AT f TR AL R AR, Qrt P40 & 1 M R AR (ATP  Rubisco £ A
TEPEREIRSE) 51, ARSI FERRMLER ™" o SILCHEE Ci fE T, RICEEE FTRSBCiE L
Tt S R AAER, Ci KT T BOR T GRS —J7 , IR R 2R G LS An R 2 2 Ci 21l
T TARAENERL o #% 8 Farquhar I Sharkey XA, FIBTH i )t-& 3 AR FEAR A9 R LR LRl iR 2 RS
FLBRAIZARIE Ci FALIRHIE (Ls, Ls =1 - Ci/ Ca) K3eAL , 2 Ci FEARAIIRIE Ls 38, BEAE A REUEBA L& &R
FEAR AR R B i FRILEH T IRE R, T Ci 38 A0 Ls FRARNIR A E 2 RE EESILE R,

) RAAESIKHA B LARPIEOLSN, EYEFE—F ARSI KA R, Bl —3B < ALER
FEHIPEE, W5 — M MISE 456 o g AL M AT LA TS 4 8 A R A8 B A R P I S FLIR B0 o BT
ARE IS S MR R A T IR S R B R AT T, A BEXT PRl e 5 =k o 5 SRR 1F T
8" C MDA KA FI FARCR A T B R R AR AR FLE F e IR K7
2.4 KAFFRRSTRAMN, FRRXAI

WUE 2 [ WA et S4B — 8 338 i , 7K 20 F R 28GR B s i A BRI R K 20 B BE 1, BIVZEAH [R) 2% 1F
T KGRI AR A TR A 5R ™ o KRR SR — A BB WA IE , 38 A T R g
R Coben™™ FZE T T , 7K 43 F AR AR BEAGRSF . —NEANIER) 8 C (EHR —FEEAIRSF
TSI IR o Passioura ™ 48t 2 FfA 5L AR HI3E R SRS , (R SF RO FIHETE 1, 23 SR F BRI WUE 484
FiEE. Smith Fl Nowak JHZEH 1,7 WUE 5T REM A MM INA KR, FFET REMAR LRI T HEER
BRIR T IR A SR SR (7K 3R PR B A A A AT RESEE T R 8 . PR R ECT Py
SR MR 6 AN7K S SRR R SR BURE P B, WU SE T & % h 3 38 5 L ( Carex korshinskyi) W )1 67 C
6. M A EKE(LWC) BEMEAFERAEAE, 458 R, A RIEARIAES T MR % & S % s

http ://www. ecologica. cn



3888 B ¥ R 29 &

TR FBRERE LA IR ) - 3Kk 73 AR B, B ECAEAB M A v R B i B 9 ) 5 S R D AR @ R . R BRIOR
UL IEB T RIS R, BA B K WUE, [ FREART 7K 0 F SRS ARV A K, AP IERF . TR
TR I BT B, AR A WUE FIHAEEE 7K o3 i AR S RE R A AR A5 B8 B AR 72 7 o

WEMRCEBRET REHT , BAR WUE MY HIN R B AEX R =g . Bitt, 227K 5 BR i)
KT HERAF WUE R/ SE mSEA - I REME N —AEZHiR. MY KAEYRYS °C HERM
XK mMTFFE C3 R 8 C TR B MR AR I X R AR R A R ) S S ) (IFERE R/
# ( Triticum durum) #1775 0.76 ~0.85') A A9 3L K BY x FREEEAERON (G x E) 1% X e 5 fi 57 C
IERCAEEH i WUE A S A — D E B8R B WU N PR B ARKF 1 WUE FiE R VK ZERE KA N
TR, ERAT/NE KE KR RIESF RS R ME R T . U ELRI R Ry =R st
P R SRE SR 81 C R G . I, ¥ 81 C A T = RS Y B MBS R R —
a8 B R AR R B BEE
3 RE

TERT BT B RAEK o RAE A AE AR T A P= I A5 BRSREm  o — Pl L i 2l o 45 /0 A P Sk Dok
AR R ZE K, TR 7K BB , D X — i, HAB > T B RE B B 3 — RIS I SRS 2 32
I F 7K SR FSR DL 2 A E — R AT R K 20 55 T B R AR BT e ik . 46 T LA AR 77K 20 13K
RPFFTHI R , A JE I R 7K 20 R FRCR BT FE ROZTE RA T LA -

() ZEH b, i 8% C AT LIRS Bt S WA 4 (9 7K 3R, T EL T DASR & SR 4 9 A 3R L 2 H
R A REK R FBCR DS R T v o (B IUTAS & 5t BT L T T BOR N B84 0 T8 KRR
MEE I E B3 RS, I TN RIERRET R E NI RN, B, 8" C MR RIETR 4 SR I %k
BEFE R B — AT 18, BTR AR

(2) FEBFFE ALK D L, 87 C e A S E IR iz e B AR . 6/ 87 C PRI K%
B A P E LR IR X AV AR AN EL R DB ST R ke r e A A T IR SR AR A S
BAEBHAT TS (HBA RIS T R AR 85 C 1 WUE {2215 25 (LR E AT T30 21858 B8 3R A Ak By i o
HATHEBI

(3) NZitzs RE B, B Z A7 52 WUE , #t— 4 [ B (9 RS HRe 1 A e L R LB, LA RE
(20175 & v 139 5% NS SV € TG L4 D Y

(4) R4 3°C 5 WUE XRCEAWLHF, HXHmX LR RE MG TR TR B, 3
Pyt KK 2 R A RCR I NTENLER R (5 2 P R AT 3R, R R Al R 4R ) B0 XU ] (o AR B 5 E B IR
ABIBIFFE s AR 2 At b #8240 ELAE AL (AR BRI SE BRX A 87 C BRI , i) 87 C SMiAR:
FRE K EAEMIENEREER) R ER, XHEYRIRR T B B (T8 ) WUE Bamt [E #7281k
%, BREHR P T o

T35, 7K G PSR AL B STt R K o R AR R A TR B 5T & R I 161

References:

[ 1] Richards R A, Rebetzke G J, Condon A G, van Herwaarden A F. Breeding opportunities for increasing the efficiency of water use and crop yield
in temperate cereals. Crop Science,2002,42: 111 —121.

[ 2] Ehleringer J R. Carbon and water relations in desert plants: an isotopic perspective. In: Ehleringer ] R, Hall A E, Farquhar G D eds. Stable
isotopes and plant carbon-water relations. Academic, San Diego, 1993. 155 —172.

[3] Guehl] M, Nguyen-Queyrens A, Loustau D, Ferhi A. Genetic and environmental determinants of water use efficiency and carbon isotope
discrimination in forest trees. In: Sandermann H, Bonnet-Masimbert M eds. EUROSILVA Contribution to Forest Tree Physiology. INRA, Paris,
1995. 297 —321.

[ 4] Winter K, Aranda J, Garcia M, Virgo A, Paton S R. Effect of elevated CO, and soil fertilization on whole-plant growth and water use in seedlings
of a tropical pioneer tree. Ficus insipida Willd. Flora,2001,196: 458 —464.

http ://www. ecologica. cn



7

BAhEE S YR KOF ASERR SR 3889

(5]
(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Fischer R A. Growth and water limitation to dryland wheat yield in Australia: a physiological framework. J Aust Inst Agric Sci, 1979,45; 83 —94.
Farquhar G D, Richards R A. Isotopic composition of plant carbon correlates with water use efficiency of wheat genotypes. Aust J Plant Physiol ,
1984 ,11:539 —552.

Wang B R, Wang B T. Runoff forestry in Loess plateau. Beijing: Chinese Forestry Press,1996. 145 — 148.

Paul J K,John S B. Water relations of plants and soils. San Diego:Academy Press,1995.

Zhang Z B,Shan L. Research development in estimation models of crop water use efficiency and transpiration and evaporation. Agricultural reseach
in the arid areas, 1997,15(1) ;73 —78.

Liu W Z. Dynamic interrelations of crop production, water consumption and water use efficiency. Journal of natural resources,1998,13 (1) :23
—27.

Martin B, Thorstenson Y R. Stable carbon isotope composition (8'*C) , water use efficiency, and biomass productivity of Lycoperscon esculentum,
Lycoperscon pennellii, and the F1 hybrid. Plant Physiol 1988 ,88.213 —217.

Farquhar G D, Ehleringer ] R, Hubickn K T. Carbon isotope discrimination and photosynthesis. Annu Rev Plant Physiol Plant Mol Biol ,1989,400 .
503 —537.

Williams D G, Ehleringer J R. Carbon isotope discrimination and water relations of oak hybrid populations in Southwestern Utah. West N Am
Naturalist,2000,60;121 —129.

Xie X Q. The research on the crop necessary water, consuming water and water use efficiency of agricultural ecosystem in main kind area in China.
Farmland ecologically trial study. Beijing: Weather Press, 1996. 64 —81.

Hall A E,Richards R A,Condon A G,Wright G C,Farquhar G D. Carbon isotope discrimination and plant breeding. Plant Breed Rev,1994,12 .81
—113.

Araus J L, Amaro T, Casadesis J, Asbati A,Nachit M M. Relationships between ash content, carbon isotope discrimination and yield in durum
wheat. Aust. J. Plant Physiol. ,1998,25.835 —842.

Tsialtas J T,Kassioumi M, Veresoglou D S. Evaluating leaf ash content and potassium concentration as surrogates of carbon isotope discrimination in
grassland species. J Agron Crop Sci ,2002,188:168 —175.

Frank A B, Ray I M,Berdahl J D,Karn J F. Carbon isotope discrimination, ash and canopy temperature in three wheatgrass species. Crop Sci,
1997,37:1573 —1576.

Masle J, Farquhar G D, Wong S C. Transpiration ratio and plant mineral content are related among genotypes of a range of species. Aust J Plant
Physiol ,1992,19:709 —721.

Jones L H P, Handreck K A. Studies of silica in the oat plant. II[. Uptake of silica from soil by the plant. Plant Soil ,1965,24 .79 —96.

Merah O, Dele’ ens E, Souyris I, Monneveux P. Ash content might predict carbon isotope discrimination and grain yield in durum wheat. New
Phytol ,2001,149.275 —282.

Walker C D, Lance R C M. Silicon accumulation and *C composition as indices of water-use efficiency in barley cultivars. Aust J Plant Physiol ,
1991,18:427 —434.

Sparks JP,Ehleringer J R. Leaf carbon isotope discrimination and nitrogen content for riparian trees along elevational transects. Oecologia,1997,
109:362 —367.

Tsialtas J T, Handley L L, Kassioumi M T, Veresoglou D S, Gagianas A A. Interspecific variation in potential water-use efficiency and its relation
to plant species abundance in a water-limited grassland. Funct Ecol,2001,15:605 —614.

Wright G C, Nageswara Rao R C, Farquhar G D. Water-use efficiency and carbon isotope discrimination in peanut under water deficit conditions.
Crop Sci,1994,34.92 —97.

Brown R H,Byrd G T. Relationships between specific leaf dry weight and mineral concentration among genotypes. Field Crops Research,1996,54 .
19 —28.

Ismail A M, Hall A E, Bray E A. Drought and pot size effects on transpiration efficiency and carbon isotope discrimination of cowpea accessions and
hybrids. Aust J Plant Physiol ,1994,21.23 —35.

Smedley M P, Dawson T E, Comstock J P, Donovan L. A, Sherrill D E, Cook C S, Ehleringer J R. Seasonal carbon isotope discrimination in a
grassland community. Oecologia, 1991,85: 314 —320.

Brooks J R, Flanagan J R, Buchmann N, Ehleringer J R. Carbon isotope composition of boreal plants: functional grouping of life forms. Oecologia,
1997,110.; 301 —311.

Kloeppel B D, Gower S T, Treichel I W, Kharuk S. Foliar carbon isotope discrimination in Larix species and sympatric evergreen conifers: a global
comparison. Oecologia,1998,114:153 —159.

Garten Jr C T, Taylor Jr G E. Foliar 8 C within a temperate deciduous forest: spatial, temporal, and species sources of variation. Oecologia,

http ://www. ecologica. cn



3890 E oA ¥ W 29 %

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]
[49]

[50]

[51]

[52]
[53]

[54]

[55]
[56]

[57]

[58]

1992,90: 1 —7.

Marshall J D, Zhang J. Carbon isotope discrimination and water- use efficiency in native plants of the north-central Rockies. Ecology, 1994,75.
1887 —1895.

PeNuelas J, Filella I, Terradas J. Variability of plant nitrogen and water use in a 100-m transect of a subdesertic depression of the Ebro valley
(Spain) characterized by leaf §'*C and 8" N. Acta Oecologica, 1999,20: 119 —123.

QuC M, Han X G, Su B, Huang J H, Jiang G M. The characteristics of foliar §'>c values of plants and plant water use efficiency indicated by 3"
¢ values in two fragmented rainforests in Xishuangbanna, Yunnan. Acta Botanica Sinica,2001,43 (2) :186 —192.

Yan C R,Han X G, Chen L Z. Water use efficiency of six woody species in relation to micro-environmental factors of different habitats. Acta
Ecologica Sinica,2001,21(11) :1952 —1956.

Yan C R, Han X G, Chen L Z, Huang J H, Su B. Foliar "¢ within temperate deciduous forest: its spatial change and interspecies variation.
Acta Botanica Sinica,1998 ,40 (9) :853 —859.

Su B, Han X G, Li L H, Huang J H, Bai Y F, Qu C M. Responses of 8! ¢ value and water use effieicency of plant species to environmental
gradients along the grassland zone of Northeast china transect. Acta Phytoecologica Sinica,2000,24 ;648 —655.

Chen S P, Bai Y F, Han X G. Variation of water-use efficiency of Leymus cllinensis and Cleistogenes squarrosa in different plant communities in
Xilin River Basin, Nei Mongol. Acta Botariica Sinica,2002,44 :1484 — 1490.

Damesin C, Rambal S, Toffre R. Between-tree variations in leaf delta C-13 of Quercus pubescens and Quercus ilex among Mediterranean habitats
with different water availability. Oecologia,1997,111; 26 —35.

Sobrado M A, Ehleringer J R. Leaf carbon isotope ratios from a tropical dry forest in Venezuela. Flnra,1997,192.:121 —124.

Sala O E, Lauenroth W K, Parton W J, Trlica M J. Water status of soil and vegetation in a shortgrass steppe. Oecologia,1981,48:327 —331.
Thumma B R, Naidu B P, Cameron D F, Bahnisch L M. Transpiration efficiency and its relationship with carbon isotope discrimination under well
watered and water-stressed conditions in Stylosanthes scarba. Aust J Agric Res,1998,49:1039 — 1045.

Ehleringer J R, Klassen S, Clayton C, Sherrill D, Fuller-Holbrook M, Fu Q A, Cooper TA. Carbon isotope discrimination and transpiration
efficiency in common bean. Crop Sci,1991,31; 1611 —1615.

Condon A G, Farquhar G D, Richards R A. Genotypic variation in carbon isotope discrimination and transpiration efficiency in wheat: leaf gas
exchange and whole plant studies. Aust J Plant Physiol ,1990,17: 9 —22.
Acevedo E. Potential of carbon isotope discrimination as a selection criterion in barley breeding. In: Ehleringer, J. R., et al. (Eds. ), Stable
Isotopes and Plant Carbon-Water Relations. Academic Press Inc. , New York,1993. 399 —417.

Garten Jr C T, G. E. Taylor Jr. Foliars'®C within a temperate deciduous forest; spatial, temporal, and species sources of variation. Oecologia,
1992,90: 1 —7.

Lin Z F, Lin G Z,Kong G H, Zhang H B. Effect of growth irradiance on stable carbon isotope ratio, intercellular CO, concentration and water-use
efficiency of two woody plant in subtropical natural forest. Journal of Tropical and Subtropical Botany,1995,3 (2) .77 —82.

Ehleringer J R, Cooper T A. Correlations between carbon isotope ratio and microhabit in desert plants. Oecologica,1988,76 :562 —566.

Cowan I R. Regulation of water use in relation to carbon gain in higher plants. In: Lange OL, Nobel PS, Osmond CB, Ziegler H eds. Physiological
plant ecology II. Encyclopedia of Plant Physiology, new series, vol 12B. Springer, Berlin Heidelberg New York, 1982. 589 —613.

Sparks J P, Ehleringer J R. Leaf carbon isotope discrimination and nitrogen content for riparian trees along elevational transects. Oecologia, 1997,
109:362 —367.

Ehleringer ] R, Rundel P W, Palma B, et al. carbon isotope ratios of Atacama desert plants reflect hyperaridity of region. Reviews Chil Hist Nat,
1998 ,71:.79 — 86.

O’ Leary M H. Carbon isotope fractionation in plants. Phytochemistry,1981, 20 (4) ;553 —567.

Deines P. The isotopic composition of reduced organic carbon. In: Fritz P, Fontes J C eds. Handbook of Environmental Isotope Geochemistry I .
The Terrestrial Environment. Amsterdam; Elsevier, 1980329 —406.

Ehdaie B, Hall A E, Farquhar G D, Nguyen H T, Waines J G. Water-use efficiency and carbon isotope discrimination in wheat. Crop Science,
1991,31:1282 —1288.

Schleser G H, Jauasckera R. §'>C variations of leaves in forests as an indication of reassimilated CO, from the soil. Oecologia,1985,65:536 —542.
Stewart G R, Turnbull M H, Schmidt S, Erskine P D. '*C natural abundance in plant communities along a rainfall gradient: A biological integrator
of water availability. Aust J Plant Physio,1995,22:51 —55.

Farquhar G D, O'Leary M H, Bent’ J A. On the relationship between carbon isotope discrimination and the intercellular carbon dioxide
concentration in leaves. Australian Journal of Plant Physiology,1982,9.121 —137.

Francey R J, Gifford R M, Sharkey T D, Weir B. Physiological influences on carbon isotope discrimination in huon pine ( Lagarostrobus

http ://www. ecologica. cn



7

BAhEE S YR KOF ASERR SR 3891

[59]

[60]

[61]

[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]
[77]

(78]

[79]

[80]

[81]
[82]

[83]

franklinii). Oecologia,1985,66:211 —218.

Komer C H, Farquhar G D, Roksaudic Z. A global survey of carbon isotope discrimination in plants from high altitude. Oecologia,1988,74:623 —
632.

Loader N J, Switsur V R, Field E M. High resolution stable isotope analysis of tree rings: implications of “ microdendroclimatology” for
paleoenvironmental research. Holocene,1995,5: 457 —460.

Morecroft M D, Woodward F I, Marrs R H. Altitudinal trends in leaf nutrient contents, leaf size and '*C of Alchemilla alpine. Funct Ecol 1992,
6:730 —740.

Schleser G H. Investigations of the ' C pattern in leaves of Fagus sylvatica 1.. Journal of Experimental Botany,1990,41:565 —572.

Guy R D, Reid D M, Krouse H R. Factors affecting '*C/'2 C rations of iinland halophytes 1. Controlled studies on growth and isotope
composition of Puccinellia nuttalliana. Can J Bot,1986,64:2693 —26.

McNulty S G, Swank W T. Wood 6" C as a measure of annual basal area growth and soil water stress in a Pinus strobes forest. Ecology,1995,76:
1581 —1586.

O’ Leary M H. Carbon isotopes in photosynthesis (fractionation techniques may reveal new aspects of carbon dynamics in plants). Bioscience ,
1988,38:328 —336.

Tsialtas J T, Karadimos D A. Leaf carbon isotope discrimination and its relation with qualitative root traits and harvest index in sugar beet ( Beta
vulgaris L. ). J Agron Crop Sci, 2003,189:286 —290.

Craufurd P Q, Wheeler T R, Ellis R H, Summerfield R J, Williams J H. Effect of temperature and water deficit on water-use efficiency, carbon
isotope discrimination, and specific leaf area in peanut. Crop Sci, 1999,39:136 — 142.

Zhang H, Nobel P S. Dependency of Ci/Ca and leaf transpiration efficiency on the vapour pressure deficit. Aust J Plant Physiol, 1996 ,23.561
—568.

Y. Scheidegger, M. Saurer, M. Bahn,R. Siegwolf. Linking stable oxygen and carbon isotopes with stomatal conductance and photosynthetic
capacity: a conceptual model. Oecologia,2000,125:350 —357.

Patrick F. Sullivan, Jeffrey M. Welker. Variation in leaf physiology of Salix arctica within and across ecosystems in the High Arctic: test of a dual
isotope (8"3C and 8®0) conceptual model. Oecologia ,2007,151 ;372 —386.

Barbour M M, Fischer R A, Sayre K D, Farquhar G D. Oxygen isotope ratio of leaf and grain material correlates with stomatal conductance and
grain yield in irrigated wheat. Aust J Plant Physiol ,2000,27 :625 —637.

Barbour M M, Cernusak L A, Farquhar GD. Factors affecting the oxygen isotope ratio of plant organic material. In: Flanagan L B, Ehleringer J R,
Pataki DE eds. Stable isotopes in biosphere-atmosphere interactions : processes and biological controls. Elsevier/Academic, Amsterdam/New York,
2005. 9 —28.

Farquhar G D, Lloyd J. Carbon and oxygen isotope effects in the exchange of carbon dioxide between terrestrial plants and the atmosphere. In:
Ehleringer ] R, Hall A E, Farquhar G D eds. Stable isotopes and plant carbon - water relations. Academic, New York,1993. 47 —70.
Farquhar G D, Barbour M M, Henry B K. Interpretation of oxygen isotope composition of leaf material. In: Griffiths H ed. Stable isotopes:
integration of biological, ecological and geochemical processes. BIOS Scientific Publishers, Warsaw,1998. 27 —60.

Yakir D, Israeli Y. Reduced solar irradiance effect on net primary productivity (NPP) and the §'*C and 8O values in plantations of Musa sp.
Musaceae. Geochim Cosmochim Acta,1995,59,:2149 —2151.

Saurer M, Aellen K, Siegwolf R. Correlating 8 C and 80 in cellulose of trees. Plant Cell Environment,1997,20:1543 — 1550.

Chaves M M, Pereira J S, Maroco J, et al. How Plants Cope with Water Stress in the Field? Photosynthesis and Growth. Annals of Botany,2002,
89 (7) :907 —916.

Xu D Q. Photosynthetic efficiency. Shanghai: Science and Technology. Shanghai; Press of Shanghai, 2002. 84 —98.

Beyschlag W, L ange O L, Tenhunen J D. Diurnal patterns of leaf internal CO, partial pressure of the sclerophyll shrub Arbutusunedo growing in
Portugal. In: Tenhunen J D, Catarino F M, Lange O L, et al. eds. Plant Response to Stress: Functional Analysis in Mediterranean Eco systems.
Berlin: Springe2V erlat,1987. 355 —368.

Raschke K, Resemann A. The midday depression of CO, assimilation in leaves of Arbutus unedo: Diurnal changes in photosynthetic capacity
related to changes in temperature and humidity. Planta,1986,168 (4) ;546 —558.

Ebukanson G J. Retardation of chloroplast A TPase activity in maize seedlings by drought stress. J Plant Physiol ,1987,129 (1) .187 —189.
Gimenez C, MitchellV G, Law lor D W. Regulation of photosynthetic rate of two sunflower hybrids under water stress. Plant Physiol, 1992, 98
(2):516 —524.

DowntonW J S, Loveys B R, GrantW J R. Stomatal closure fully accounts for the inhibition of photosynthesis by abscisic acid. New Phytol ,1988,
108 (2) :263 —266.

http ://www. ecologica. cn



3892 B Ox ¥ R 29 %

[84] Sobrado M A. Relation of water transport to leaf gas exchange properties in three mangrove species. Trees,2000,14:258 —262.

[85] Cohen D. The expected efficiency of water utilization in plants under different competition and selection regimes. Israel J Bot,1970,19:50 —54.

[86] Passioura ] B. Water in the soil-plant-atmosphere continuum. In: Lange O L, Nobel P S, Osmond C B, Ziegler H, eds. Encyclopedia of Plant
Physiology, New Series, Vol. 12B. Physiological Plant Ecology 2. Water Relations and Carbon Assimilation. Springer-Verlag, Berlin. ,1982. 5 —
33.

[87] Smith S D, Nowak R S. Physiology of plants in the inter-mountain lowlands. In: Osmond C B, Pitelka L F, Hidy G M eds. Plant biology of the
basin and range, vol 80. Ecological studies, 1990.179 —241.

[88] ChenT, Feng HY, Xu S J, Qiang Weiya, An Lizhe. Stable carbon isotope composition of desert plant leaves and water-use efficiency. Journal of
Desert Research,2002,22(3) ;288 —291.

[89] SuPX, ChenHS, Li QS. Characteristics of "> c values of desert plants and their water utilization efficiency indicated by §'*c values in the desert
of central hexi corridor region. Journal of Glaciology and Geocryology,2003,25(5) :597 —602.

[90] Chen S,Bai Y,Lin G,Huang J,Han X. Isotopic carbon composition and related characters of dominant species along an environmental gradient in
Inner Mongolia, China. Journal of Arid Environments ,2007,71 .12 —28.

[91] Farquhar G D, Eh leringer ] R, Hubick K T. Carbon iso tope discrim ination and pho to synthesis. Ann Rev Plant Physiol Plant Mol Biol 1989,
40 (1) :503 —537.

[92] Ismail A M, Hall A E, Bray E A. Drought and pot size effects on transpiration efficiency and carbon isotope discrimination of cowpea accessions
and hybrids. Aust J Plant Physiol 1994 ,21:23 —35.

[93] Lambrides C J, Chapman S C, Shorter R. Genetic variation for carbon isotope discrimination in sunflower: association with transpiration efficiency
and evidence for cytoplasmic inheritance. Crop Science,2004,44 (5) ;1642 —1653.

[94] Hubick K T, Farquhar G D. Carbon isotope discrimination and the ratio of carbon gained to water lost in cultivars of barley. Plant, Cell and
Environment,1989,12 .795 — 804.

[95] Read ] ], Johnson D A, Asay K H, et al. Carbon isotope discrimination, gas exchange and WUE in crested wheat grass clones. Crop Science,
1991,31:1203 —1208.

[96] Rebetzke GJ, Condon A G, Richards R A, et al. Selection for reduced carbon isotope discrimination increases aerial biomass and grain yield of
rainfed bread wheat. Crop Science , 2002,42 ;739 —745.

[97] Condon A G, Richards R A, Farquhar G D. Carbon isotope discrimination is positively correlated with grain field and dry matter production in field
grown wheat. Crop Sci. , 1987,27 (5) :996 —1001.

[98] Craufurd P Q, A ustin R B, Acevedo E, et al. Carbon isotope discrimination and grain yield in barley, Field Crops Res. , 1991,27; 301 —313.

SEHK:

(7] T, £ H. BhmERRAL. J65: PR R, 1996. 145 ~148.

(9] FKIEK, INe. 1EYI/KSFIFIRCRRIZE R AR MR B SRt . TSRV BT ,1997,15(1) 273 ~78.

[10]  XIScIk. FEMIHE ™ K AHTEFE 5K AR FIBCRIE M B IR R . HARVEIRAA]R,1998,13(1) .23 ~27.

(14]  f%ERE. REEZRAM KRV AESREEYTAK FEK KR AREGT. & HAESRBEHT. b KLE R, 1996. 64 ~81.

(34] A, WECE, IR, SR, B . SRS VRURDY A Wb T AR - 81 C LI RR IR B UX K A0 R AR IR R . 4R,
2001,43 (2) :186 ~192.

[35] J™E, HXE, BRRZE. ARARARYIKIFABEME/NEFRRBT. £H%H,2001,21(11) :1952 ~1956.

(361 =Bk, X E , BRAZ, AN, S0k, BRAE MM Ak EZR AR 8 C MR A1 2 5 S bt s A8 k. M4 4%, 1998,40 (9) 1853
~859.

[37] W, %, 2R o, BN, SR A o B AU R B SR I AL S C B K 43 PRI 5% % T B 96 B A i . ¥ 490 2 52 4%, 2000, 24
648 ~655.

(471 MRAEDS , AREEZR, FLENE, TRy, A= Kobaon W v B ARKBIRIR ALY 8 C.Ci Rl WUE IS, #viiy W I %31, 1995,3 (2) -
77 ~82.

(88] BiiA, MpEon, tRitad, ALY, ZBE. FEB A M A R RO R AR S K 43R IR v Y, 2002,22(3 ) <288 ~291.

(89] 4R, BRPRIDL, 2R 2R, VG Gt Vb AR 8" C MEAHE A B XE K A3 R FARCR IR . K)IR 12,2003 ,25(5) :597 ~602.

http ://www. ecologica. cn



	07d48.pdf
	07d49.pdf
	07d50.pdf
	07d51.pdf
	07d52.pdf
	07d53.pdf
	07d54.pdf
	07d55.pdf
	07d56.pdf
	07d57.pdf
	07d58.pdf

