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Abstract ; Photosynthesis coupled with transpiration determines water use efficiency ( WUE) at leaf level , and the responses
of WUE controlled by gas exchanges through stomata to environment were the basis of carhon and water cycle in ecosystem.
In this paper, by using Li- 6400 Portable Photosynthesis System ( LI-COR), WUE at leaf level was analyzed under
controlled photosynthetic photons flux density ( PPFD) and CO, concentration conditions across 9 plant species including
maize ( Zea mays ), sorghum ( Sorghum wulgare) , millet ( Setaria italica) , soybean ( Glycine max), peanut ( Arachis
phyogaea) , sweet potato (Ipomoea batatas) , rice ( Oryza sativa) , masson pine ( Pinus massoniana) and Schima superba.
We developed a new model to estimate the water use efficiency in response to the combined effects of light and CO,

concentration. Validation by our measured data showed that this model could simulate the changes of water use efficiency
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very good under combined effect of light and CO, concentration. And it can estimate contribution of photosynthesis increase
and transpiration decline on water use efficiency, owing to the CO, concentration rising. Great differences in water use
efficiency occurred in these different plant species under various CO, concentration levels. We concluded that plants should
be separated into C, plants and C, plants, farther, C; plants should be separated into herbaceous plants and woody plants if
based on water use efficiency at regional scale. Qur separation criteria would do great help in the evaportranspiration

modeling of terrestrial ecosystem carbon and water balance.

Key Words: water use efficiency ( WUE) ; Photosynthetic photons flux density; CO, concentration; Modeling
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aPPFDP,,_+7CP,. . +aPPFDyC

RF, P HEBE SR TEE BB M CO, B Y TR KN MR IO AR,
1.2 ZEE®ER
MY A RBERRMN B (g,) MM EKREE (VPD) E , BB BT LR RN

Wi-W. _pC,(en(T) —¢) )
1/g,+1/g, yAl/g, +1/g,
R, W WA RN E SR TR AR (kg m ™), B g WSILRE, 0 WA ARBERE p HES
KB (kg m™) e HKIRE(Pa) e (T,) RAEM HIRE T,H 0K BEAKIRE, y T EIRBET %5 (Pa
K™, CRESHEREH kg7 K™) A BRERERU k™) HE:

Pn: Rd (4)

T, =g,VPD =

/g, =1/g, +1/g, (6)
MAHFEDE ¢, R (7)KE, P u, y A RERE (m s~ ) , WA IE(m) K, R 3
/g, =K, /W/a, (7)

AR HBRBEE RN B LI ERGEESIL TR, HIAGBELEM CO, MBI FIEMH T Rz E R
FEESILFESHER A CO, ¥k B 3L R A s ma DA
MY SIS EXDEE AR BB S HREME " B HTRILTF A 56A AR B RN —3, i
— BRI AR AR - St B B X ST 2ok iR SAL = BEXH YO R 5T B R BEAFALE
PPFD/PPFD,
&: =&mi1 L PPFD/PPFD, " & ®)

HH, g i PPFD— oo B I ETEB R ST B s PPFD, ST BB BB AN ST K 1/2 W8y PPFD; g, 05
RERE .

WS ALIE S P E] AR, B SR G CO M B RIBUE , M T R Lz sh, KL CO ¥ E(C,)
AR LA W B A S AR AR , SRR Yl % o e B R

_ gmu,c
&=1+¢/C, )

HH s e, N— IR T IR KA Co NERF R
Wi Jarvis BBV 45 A RIS OB AR IS B COWKE MMM, TUBRASILTE
Xt YEBR AN CO, e B FE[F] 1F FH By o AR Y

1 PPFD/PPFD,
) ( ) g (10)

8 =8 "““‘(1 +C./C,) \1+pPPFD/PPFD,] *
A H, G M TH CO, ¥ C,—0,PPFD— o B AR ARSI RE,, B3R(7) F1K(10) RARK(2) , 1B RIZEE
HBXDEIERF CO, VB L FEE R MR (K 11),
T :P_CP (eW(TL) —e)
T /[gm( 1 )( PPFD/PPFD,
1+C./C,)\T+PPFD/PPFD,

(11)

) +gct] +K, /W/u,

hitp : //www. ecologica. cn



528 A R

&t
4k
=

28 %

1.3 JKOARRER
BHE BRI ZER IR A CO MBI FMERT , b A ERHR (4) A, BB ERE R (11) AE, MK 5
FIRRCEXT R CO, ¥k B AL R /R R fyma A B TT DL = (12) 3 %E 5
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2 #BEFE
2.1 ME5ERM

BT 2002 ~2003 4F5 HIFEVL FAAR M K2 AT b B B T AR I 3 o 9547 . Dk FHER I A T b4 41°
48’ R% 123°24 IR 2m, BB HOHRE L, O E , #O0 IEIK ; ik BOBERE ©, Btk %, b o
%, PR EE AR X S50 R R SR B, Xt E K (Zea mays L. ) \ KE (Glycine max Merr. ) 3 F
(Setaria italica (L. ) Beauv. ) /5% (Sorghum vulgare Pers. ) .64 (Arachis hypogaea L. ) \H 2 (Ipomoea batatas
Lam. ) JK7§(Oryza sativa L. ) 55 7 FpYEY#EA TR, AP HT 6 BEMITE S A LA) ~ AR (B 3R) , HIF]
Hi S48 & 225 kg hm”, P,0,82.5 kg hm”,K,0 187.5 kg hm’ ; KEEBHRAFH ARMBEREH,4 A 13 HEH,
5 23 BB FBTEEN 30 om, /KB 13.3 om, &I, Ik MR , F RIHESE 200 kg hm ~*,P,0520
kg hm ™, BAAF FEEHFE — L= B, TR AR B T4 260457, K4 115°04', R L BI R T
PUFAIE R X, ISR N 107m, 2 5 B A5 ( Pinus massoniana Lamb. ) 5K ( Schima superba Gardn. et
Champ) B4t MM AN TIRASAR, WHE 18a, BF5E TAEXT D BMAFIARRT 24T T IRE
2.2 METE

i L1-6400 fEER06A M E L (LI-COR A R4 ) X BRI TIREM h b AR BB EE S E
AR RS R E R AT E . 720 e R, YeA W0 A9 T 2518 5 2 500mmols ™, i35 3L
30C, XF LR 7 FEAREY R ERNEHEEHEEFE(PPFD, pmol m™s™") 3§ 2000, 1800, 1600,
1400,1200,1000,800,600,400,200,100, 60, 20,10,0 3£ 15 H/KF, S HZE CO, ¥ E (C,, wmol mol ") &
0,50,100,200,300,400,600,800,1000 3£ 9 MK P FAMEGEMBREN LS ANENBEREEN
1000,800,600,400,200,100,80,60,40,20,10,5,0 3£ 13 A~ KF, 2 HE CO, ¥ B & E 0,50,100,200,300,
400,600,800,1000,1200,1400,1600 3t 11 4K, W€ RH B iR #47, CO, ¥ B B LI-6400 1) CO,E
il , ZEREW COMKE T, JERFFIFI A LI-6400 ML LIR H B ShfRFpiEhl. 258 CO,MET , M E /I
FRALFR S [B] KT 30min , &4~ i 45048 S R LI R] B8 A FEY) > 1208, WA > 180s, 0 B i i TG AR, #5610
E I SERR HE M- 2 R E AR, Hooh D B AA M T AR LS M ST B R AR
3 M RzHFAES EEIE

FAE(12) 36 CO,AEFEFERT 9 MY K R FIRCERBEA TR, G B RRBLHUE S5 2 E 2 TR 5%
R 1 fiR, BIHGYRE,EIMES N EEZ AR RZRER 1, EER/D, X9 FE Y A3 TR
BEKF, BB (12) BEEUIF R K 20 P FRRCERIE SRR AT CO, ¥ BE L RIVE R T ma R MR o
4 SH5iTe
4.1 CO,¥& BRI /K 3 1] P R il ) SR R

PL CO, ¥ B T 0 2 B4R B2 BRAB AL 2 el E M0 7K 7 PR, AR 17K o0 R R BRI U X [t
R RIRIKIEIAE R, SR TR BRI AR o R A5 K 3R IR RS, CO, ¥ 78 Ak B W RBMe [ 2
T 2BRKBRIEFXT CO, M E AR LS R T AR EENEREF B, 8 AXT CO, M E XK o]
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B1 et CO, R RMER T A5 F BRI E ESEIMEK X R

Fig.1 Relationship between mensurated and simulated value of water use efficiency under interaction of light and CO,

150% "7 o REBBIFTE TR, CO, W BERIHE RN H 7KK 53R 38 A 42 5 2 06 A T R 0 38 B A1
I HRRARILEEFRIZE R o B Murray ™ 3% CO, ¥R B 093 K5 1R S FLF BE O AR B R 3R 4 <AL
KPR IR AR BRI EE B Fo Rogers™ (& B8 COL B K 6 A FRIFARIE N, 2K 43 FAL
REBRR IR FEBRRSEN, i Kimball ™ WS BIAE K 0945, AR CO, YR B 3 K3 R K 53
MR RFRH TR R I, BBERREOI AN R, IR TRIFARRNRERRRET IS
HRHR R EREEE RN EMINE B RMA ZFTER. SR ERIENEYTER CO MBI KN
RIGE R EENEHEE T, REX— RSP MR L — 815, JLPIrAR LRSS REER , 785K
BHIRH B, 7 COKE TOLAE RN, BiF £ 508 RM , LR R ER , & HBDE A T AR
EEA A 1a YL ERBHSE S, I35 3] 29.69% . It HIF ZB A, BT KT RRE 27 CO,
WET ARG, FBOL A YEM AR R, AR RIS, BR& RS, 71 6A E R TR,
AIREX RN EATE XU BROCE WM MR RE, & 8T, EO A =R T AEE 2R
i, REERME AT YR BRE ), A BT BB BB, e R Y IER B, B —EA TR THA COoK
I EIE. XL IBATER COME PRYDLEERNEREAYKIANARENERERTH. <L
FEBRENE COMWBEE NGRN — MR EH T ERAEYIXIF COMER —FE L : T RS COKE
BTt , B HEIR) CO, Y B3I, A (RIF 4 EIR] CO, 4 IR T RS CO, 034 20% ~30% ,AHYiE L 1A
T RALTF AR SR FEAIHaIE] CO, M B, SALXTHa ] CO, ¥k BEARRURR, HIH] CO, ¥ B i3t hn o REE AL %
PRS- B AR, B RALBEL T B3R . XAFRAL AR Y) B B X 3R SE R pLB A 2 158, 72 CO MBI T &
TS FLBE AWK 33% ~50% B BER™ 2 KILG R BRI AR PRI R I AR, IR L RS COL MR
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TRBERRGEMBRKSAABRERNERE T, MNAHRERE,BE COWEME K, MYMLE
HEBERR, ST ERER, B EIEA & CO, Mk T /K2 R AR 2 B R0 A s 200 48 55 A 28 1 R R P
RIEFPERIE R . RTREHE B RSB R R EIK 2 P ARCRE R RE, A FE R A
TEEIAFE,. AP R K F R X EER R CO, ¥k B S [F)/E F iy A 2L i) D E T R —F W
TUBRER , X %) T € B 23R AH T ASREKBIFMREF R AEEEE L, &1 L) PPFD
=1000 wmol m s "By M H, THE T CO, ¥ EE M 375 wmol mol ' 3 HNF] 750 wmol mol =" Bt YA AR R B A ZE
B E R IR A AR EENRIRE, BR,CHEYA C,AYEKSFREN L ELEERE
L, GHEYIK A AR RS FEETLAERRNES, T CHEY KA AREN RS FEETEER
RIRER

£1 B CO,REFARM KA ELRA T ELE MR AHFARERSHABE (PPFD =1000 pmol m s ™)
Table1 Elevated WUE by increased photosynthesis and decreased transpiration while doubled CO, concentration

P, [CO,] =375 pmol mol ! [CO,] = 750 pmol mol ! WUE 8% Poiif Tr BEAS
Species Pn Em WUE Pn Em WUE HIHA  HTRE HRERE
(pmolm?s~!) (mmolm~2s7') (mmolmol ') (pmolm2s~') (mmolm2s~') (mmolmol ) (%) (%) (%)

EE* 29.88 3.24 9.23 32.95 2.09 15.77 70.86 15.76 84.24
Maize
233

29.97 3.05 9.84 34.46 2.14 16.12 63.82 26.04 73.96
Sorghum
AT

. 24.73 2.46 10.07 28.69 1.65 17.35 72.29 24.80 75.20

Millet
rE

22.24 6.04 3.68 34.79 4.90 7.10 92.93 70.82 29.18
Soybean
HE
Sweet 22.01 4.50 4.89 31.22 3.33 9.37 91.62 54.40 45.60
potato
by

24.28 9.14 2.66 36.30 7.90 4.59 72.56 75.94 24.06
Peanut
bi %1
Ri 15.40 4.70 3.28 20.75 3.48 5.96 81.71 49.66 50.34

ice

*ﬁ 12.78 2.86 4.47 22.91 2.19 10.44 133.56 72.28 27.72
Schima
SE®
Masson 7.20 2.04 3.53 14.64 1.72 8.53 141.64 84.57 15.43
pine

4.2 KR CO,MBEARMAM TR YK 73 IR Py FhE 2 7

KGRI RSREMEN =W AR Ly CHY) . CAaYM CAM Y (R XRAHEEY) ,
LU Y F A EOE AR B B A IR AR, HK R ABCR B AR SRR CO,MET ,—
FBR R, CAM LR 7K 3R FALR L CRIMIA CHE IR ™, COMIII e IR o BT CoiiA
C Y BNl AR 99% LA B, BRUE Co R4 COE I 7K 3 F IR R R TR S i A RS R GU K -BRAR B 1B
WEREN S . R X5 COMRBAMRMT CIEYA CAEMTEK R R b2 St T s Bl 23k
AR A RS RGUK-BHRR BT R LR . LAFR 1 HdEAH), LA CO, ¥ BE 375 Fl 750 wmol mol ™!
I B 7K 53 PR R R AR B ) WL B A 3R , I3 — AL BS »/ %, HEAT IR HT R (18 2) ,7E CO ¥R B AR
T, CEYM CEYAEKTARMEEEREER, YT, EARANARARUFE—ENER. XHER
SR IRZE T A FAE I RS, CO MBI DI R T3, i TAEYIK A ARCRZ 26 a E R MR B
RPN, ERERERI 7 PR EHITEEE R . NATIRNERE 7 CORBERULEAH T, HIRKX
BRI P FHRCRN 2% BAEY X 08 CAEYI CHY), K CGHREY R A E AR AR Y]
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3 A=A TRBEL T BRE o v B A A B B K SRR

CASE 0 5 10 15 20 25
Label Num I I T T T |

EkMaize | =
H#Sorghum 2 I
AT Millet 3 -

ARFiiSchima g —
IS Masson pine g —| A Woody
K H.Soybean
A FERice 7 _'_
FEH:Peanut 6 —
HESweet potato 5

C.d‘ﬁ% C4 Plant

Cﬂ:ﬁ:% C3 Plant

B Herbaceous

B2 39 FEHITE 375 #1750 wmol mol ' FHH CO, WRBE T KAMFI ML B H A R RAAT

Fig.2 Hierarchical cluster analysis of 9 plants according as WUE and their changes under two concentrations of 375 and 750 mol mol !

4.3 TR R AR B KRR b B

TR RE HAEYER %A1 (NPP) & F LA T A3 NPP = WUE x T, #4738, B LYK 720 F
MERAEMBEXBRE YIS RES N BAERE N, B LAZEANMBESREA ™ HRER
LUIAE IR 7K 53 T IR Ry BEA S YO 3 G B A BBk S Al B NPP TSR, W35 45 ) Chikugo ()5 )
790 g — A B EARAE LR AR R K AR PSR BB SR BRI, (BRI AR R MK
SRR ATREREH, CHETEA LA BURA . NEBRNERE, Y C Y7
KAFRBER EFAERBEZS , CHEYTHEAMNARRBFAER B EZS, Bk o FABERGFEE KK
ARk, AEE—HETIIE . RRALRAK DA IBREEE CO, B 3 K 28 3 K, B e DAK 23 A A R B
SRR T KA E T RN BB I B4 AP SH T KRR _ A FK D R R
RO SRR M JEm e, 4R T ZE R CO MR AR T /KM FI A SRR (L R Al B R . X 0
SELMEYIE K 0 R R R A SR Rt A A8 R G K- BB PR B RLE A B 28ROk R R A S &
GAE R B R T B
5 4ig

A THEERDEERM COMEE , BT ARSI K FRRCREEST T 5. 4R THEYI/KF AL
RILEAM CO,MBEI R T B BEEE, BlRatrRl, EEEERE G CHEY  ERMAREYE
PIE9 O R b REAR A7 B HBLK 20 A FE AR X 3 A CO, ¥ B 3L RIAE AR A B o P 2R 20 VT A VR il 35
CO, W BT RIARMF T OCE 3 FRAY 48 5 A AR B S R B K 2 PR RCR B R B TR R . CO, M AR AR A
TR FIRBEREAR R Z RIFEE KRR, BT KR R YHK R SR 2% A Y X 0
b CHEYIR C. 4, Kb CIEWX 0 R AFIARAMEY) 3 FhEZTHRRELA BB MER B9 il BAE Y B9 B Ak
SRR . D AABT AR 7K 2 R B R A BB A MK 2 P RCR A AR T BB B 4 25 AmvfE, WT LI
SELMEYIE K P R ZR R B ASH I i A S R GK AR AE S B R ER R ER S RE
A IR R R BT
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