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Abstract: An open path eddy-covariance (EC) system and a microclimate monitor system were employed to continuously
measure the carbon, water, and energy exchange between a poplar ( Populus euramericana) plantation and the atmosphere

during the growing season of 2007. The study site was located on dried flood plain dominated by sandy soils in Daxing
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District, southern Beijing, China. The objectives of our study were to a) qualify the dynamics of carbon, water fluxes and
water—use efficiency ( WUE) at an ecosystem level under various soil water conditions and b) examine the effects of
environmental factors influencing WUE un(lier different soil moisture conditions.

We found that there was a significant relationship between gross ecosystem productivity ( GEP) and evapotranspiratoin
(ET) under different soil water. When relative extractable soil water ( REW) was less than 0. 1, both GEP and ET
maintained at a low level and did not changed with the variation of environmental factors. GEP and ET increased as soil
water contents ( VWC) increase, but the greater effect of VWC on ET over GEP resulied in negative correlation between
WUE and VWC when 0. 1<REW<0.4. When REW was higher than 0.4, climate factors showed a significant influence on
the variation of GEP and ET through stomata. Air temperature (T,) and photosynthetically active radiation ( PAR) were the
main factors for the variation of GEP while air temperature (T,) and saturated vapor pressure deficit ( VPD) showed a
significant effect on changes of ET. WUE decreased with the increasing VPD due to the higher sensitivity of ET to VPD than
GEP. VWC was between 5.2% and 8.8% (0.1<REW<0.4) in this fast-growing poplar plantation, vegetation could utilize
soil water efficiently and reached high rates of water use efficiency and carbon sequestration. We concluded that seil water
condition was a key factor influencing WUE of the poplar plantation. Assessment of forest carbon sequestration and water

consumption under a climate change environment must consider future precipitation regime in the study region.

Key Words: eddy covariance, evapotranspiration, water use efficiency, gross ecosystem productivity, poplar plantation,

relative extractable soil water

B RREATHRERERBRONFH , E8ZATRMA SRR RBRICERSES T E,
AR, 5 TFER  WABRRNES AMEYER HRINGE TR MR EERANEEKRNKS, B
KM Z —, KRBRHMBEYEINEER T2 RRETR¥ TR KK TR Kt
EYEMERREY . EBRGEAKIFARR(WUE) ERRIEES RGIGFERALK R TR A =5 3K
SRR E B RARE UK ERENRR, B, EFRIK S X8 A TH WUE %W
SHEA T R A THA =R RN X R, R LM ERBOR ST ERERAEREER L,

BEE R ER H SR, KBTI ESRARKFEARBEXANEWBRR ZXE. 2RER
W (FLUXNET) JgE L NS REBRGERTIRRMH T KEHRY, MREMNARLESRE WUE KL
AREWETFHITT o0, SR EBR, W WUE BMERABG A=K, IHEEER AEREXEESR
BET, R, BATHNA THBKE B R X RHITTHEMR . Migliavacea %53 IR F AKX
B A THK WUE i#47 T W HERTA, ANBEE TR, ESRERKHM(ET) AKX, i &
EBRRGLET 1 (CEP) HIH R AT M, Bt WUE B/, ST, BAXEM A THAESRERE WUE BB
REBRIAER, FHBEHRBEGMESREBKERS TR HREESREREMTFENBES
KHo

2302 R ERZRFEAR, F 2007 FXAL FAUE H KX A E FE WV AW AN TARSET T L sh AN
%, BiIB5E GEP 1 ET BEAANT LB S/KE (REW) ALES, Wi A THESREARE LK &4
THRAKBRMNAERLE, ZAXFEATEMET: (1) THRARKIZGT, EERZEKRKENBERE;
(2) KRS BERRGLE™ N BEMEPEXRRZRNEW; (3) BiTKERESHREEF MY B &
SATHRERER, UHIARESE FERNRAK SR AT R KEERHXFZNARER, BENES KSR
WARNGREARENZE SRR ALK,

1 BRRFAE
1.1 BREXHER
R H AL FAL R TR R AN X RE A, BRBH ERESERX, FEHSRER 11.6°C ,RimE
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RE-27.4 C, REBE B 40.6 C ; ZEFHFEF N 556mm (1990—2009 4F) , o 7—9 A HIEF 5 &
FRET BRI 60% —T70% (KIS 5 ¥,116°15'07"E,39°31'50"N,1956—2000 4E WA BAE ) . RI X g3
IKBRAKEMBARX , P, F 984 30m, BB <5°, HHEA MBIVt B BT, RIE S KEEh 2, +
HEpH (B4 8.25—8.39, K% 1.43—1.47g/crd’ . M TF/AKLIAE FHIREIRIL 3.9%

K X FEREARIEMIBKE 107 4R A T 4ibk,75% 2002 SEFHE, 4 R 1998 4E 2001 4EF1 2003
FRE, BRITEEN 2 mx2 m, RG 57857, 2007 EMART M2 R 12. 20m, VIR B K 13m, HE RIS ECH
2.66m’/m’, MTFHEPHARD, B HERMEY, DHEA, R FEF IR RH ( Chenopodium glaucum ) , FEH:
BIEE T8 (Medicago sativa) , % & B A AE ( Melilotus officinalis ) , ¥ £ % ( Salsola collina ) , #: %8 ( Tribulus
terrestris ) % .

1.2 d&hE

HAB X TREFEYS, FEREASENMER, A HREHEERN RS, 78RBS PRk —
122, 5m BONRIISE . 32 B LB {0 2560 454 $8 57 A ( REBS, Seattle, WA) | H Mi3% B 3+ (L1200 X-L, Li-Cor,
NE) JEEF1&5R&&8 (L1190 SB-L, Li-Cor, NE) ,H,0/CO, £L4MS {443 H74% (LI-7500, Li-Cor, NE) . = Z4#85
GEAX(CSAT3, CS, USA), LA b &AUREH R B H 18m; S it (CS105, CS, USA) fEH k=X A shmi&it
(TES25-L, CS, USA) &AL E 43510 21m F122. Sm; 255 (R 18 £ %48 (HMP45C probe, CS, USA)7E5.10,
15.20m &EA ALK —F,; TR EERES (TCAVIO0T, CS, USA) fl+ 3 #4E Bk (HFT3, Seatle, WA) 1y
B TH#RLT 5.10.20cm &b ; 137K 43 WX TDR (CS616, CS, USA) (i F#1 LA F Scm # 20em &b, FFA
KRB R FBHE R & 28 (CR5000, CS, USA) % 30min H3hiER 1 K,

L3 HdRaEAtHE
1.3.1 PR KRAES RS GEP ET f WUE WitE F ik

MRS P A BRES R MR R, 18 B A 5 R G0 W0 0 K75 A SR A T AT BR B R AR 8 4>
Bro AT RLIRBR I R B BRI Pk, 15 F EC-processor B ¥ A 3h3CBLIR B AR X R S BB A BB |
MAtrfe i TRER AR E T, EHGERMERGEREESE WPLBFIED Wk SR 1 R CO, &
BRI B BN , AR5 38 1 =4 AR W e I IE = 4 XU , AT 178 2 B KL 1) XU 9 SF 3918 0 R KSR KU
5 ERF - .

ABE50H WUE £ L) GEP M ET i tbfE, AIREMABRAMNUMRERNSFESRERSHRE
(NEE) , B 5B RGE T 1 (NEP) 4 XHEA %, (B SR, BI:GEP=-NEE + R, RX# R, WS R
GRS R, TEUENRPEEFEAICEREENESREPREREAE T AR, R, BT HHE%
MR, R RIRE A R U ER R 5T A, A8 53R Al Law model 53577 21
KA EEBRGEFR, F0EBRE S 3K HEEE M,

1.3.2 dESE(C)WiTETE

ET X35 R T b E R Z 2EZE R (G,) MM, AR HE Penman-Monteith 2 T BAE R R

BERK B SEE

R c
=A._"__A__1).,a+l°_P.@ (1)
Yy AE vy y AE

AH,6, ARRERE (n/s) A AESMAVKIREZRERENZLRE(KPK) ,y A TBEREH(kP/K) ,R,
WL BE AR ST (W/m® ) AE iR S E R I M PGB B (W/m® ) ,r, W REHRBHS e %
FL(s/m) ,p AEKHEE (kg/m’) ,C, ATEHEE I FHESHE (K kg™ K™), VPD N SMAKIKEE
(kPa), i ,r, BA4E Monin-Obukhov FAR{IZEIS AN ¥ 544 F BORME B,
_In[(z=d)/z,] + In[ (2=d)/z,,]
r,= e
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A4 R K Bk, BRIARR LKA R T , 855 GEP [ET #1 WUE 58 R FHGZ AR,
0. 1<REW<0. 4. GEP=0.843VWC-2.306 ,R*=0.601,P<0. 0001
ET=0.687 VWC -2. 158 ,R*=0.627,P<0. 0001
WUE=-1.402VWC+8.022,R*> =0. 481, P<0. 0001
REW>0.4 . GEP=0.107T,+0. 162PAR+-0.952,R*=0.732,P<0. 0001
ET=0.032T,+0. 172VPD-0. 525,R*=0. 792, P<0. 0001
WUE =-0.977VPD+3.602 ,R*=0. 671 ,P<0. 0001
REW<0. 1, AR % GEP # ET B EREK T, SR BR T SHEA BENHXE(R <0.2,P50.1),
ORI ERE(P=0.095), REERETREAHT, BMENLHKIRE THYSEEES, Bl
BATLAE W, % 0. 1<REW<0.4 i , A S R4 GEP f1 ET 4355 VWC BIEMX, 45 R% WUE 5 VWWC EHM
%, BESRERZH HEKSMAN, EBRY GEP TEXF| T, 1 PAR B3 w ET FEZ 3 T, #1 VPD
B, T WUE M FE 5 VPD 2HMX,
1 0.5

~
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Fig.3 The effects of soil volume water moisture content in 20cm depth ( VWC, 20cm) on gross ecosystem productivity ( GEP),
evaportranspiration (ET) and water use efficiency ( WUE) at 0. 1<REW<0. 4 conditions in the growing season of 2007, the error bar
represent the SD

0.1<REW<0.4 ,*: 5 RS GEP fl ET £ EZ B +HOK M, M EE FXHESREREEM KK
HE WA DE (R <0.35, P>0.1), X—%RE5RESI IR A THKI AR ROBFITEN—B, R
Bor, ESTEH,CEP # ET X4 + S8 B (L8 MUK, Ti S8 5t Z A BEMMXHDY . BR GEP
1 ET B VWC #sginmist K, B T ET X +50K 5320 E R BUsk, 2B ET B VWC HKIBE AT GEP(1&
3) , E i WUE B VWC B kTR /N (B 3) . THKABax SIS R W™ AL SEX ET MM
BT GEP'®®) Ak WUE BiZE VWC B/ K,

M REW>0.4 i, RS GEP M ET £ BEZBNKLHFHEMW, & Bl 325 <AL R R B Rk
BEEEEW, AR SR TSEESENAXEEMARSASRERKER R EXRKXRE, MA
4 R, RESESSE(T,) (R*=0.65, P<0.001) FtAH KBS (PAR) B B EMIEMAELR (R =0.43,
P<0.001), VPD & RB T REFHNBEMBERA, K5 6, WXRNE 4b fiR, G, BEE VPD HELE
“WRH¥XZ(R*=0.43, P<0.001), 4 VPD<1.5kPa i, G, Ffi VPD RI3g g K, 24 VPD>1. 5kPa B}, G, 3]
VPD By KA WM LIRS VPD 3t G, R T M. ARFRIAA 6, 5 VPD BB AR R ELRDY,
BEmERSENREARS, Y VPD B/, VPD BB FIF KRB SFLIES), TS T, 1 PAR E54H
Ft G, BB, BRE VPD AT —R{E, SILEE R H K B HREK L R R i mA &, $3 G,
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FiE M ERES R REASY , REMYEX WUE %m0 & S0
3 g

B AT RN K E T W A AR S RS GEP ET Fl WUE H)RALTE O, 1HiE 7 A L3k
DHEMTRREFHTREE KX GEP ET Fl WUE 0, BFR R, BMEAESREZBKSRE R A
THARARIC . KRB R B LK SHHME , GEP 1 ET B HBA & AR

% REW<0.1 i}, B RGAL T EAK WA RES , 0K 4 BR &I T Y09 4 35 3, W 32 BK 43 a8
RIRI T SCH AL, GEP #1 ET B —BARAK TV, EAE KRB FHOELRERT, YESRELTL
Sk HEHE (0. 1<REW<0.4) , B Sk BB, MY SILKIF , EE FEBWIHE A, SRS GEP
A ET 3| VWC M RBEZ REIE K. RZKTMHAR (REW>0.4) RS GEP fl ET TEZFILR
THER,FH5ZEEHRXR,

BEMNTREKEEH SBLBK DX ET WA T GEP, TSI EB W EREH SN ET WERER
BRI R T GEP, B 44 B RGAL T 10K 5B 18] (0. 1<REW<0.4) , WUE B + &K B Hm
TREAR, RZAK B RS (REW>0.4) ,WUE 5 VPD B2RAMRKRX R, LHKTHEBIE, ML GEP 55w
Ky WUE Ui, % VWC 4bF 5.2% —8.8% (0. 1<REW<0. 4) FE IR , - 87K 43 R85 g Ae 0 3P , 5 Bk
FEX KRG THFER) B RIR

A5 B/t 8] REEXT Lt T A K53 44T GEP .ET F1 WUE 34 & 3535 R F B9 17 , 3 Kk A [R] i+ 8]
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