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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 under 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 VIWC on ET over GEP resulted 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 (7,) and photosynthetically active radiation ( PAR) were the
main factors for the variation of GEP while air temperature (7,) 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 soil 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
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R -27. 4 °C B R IR 40. 6 °C 3 Z4EF-HRE A 556mm (1990—2009 45 ), Hoh 7—9 H iy [k i o 4
AERETN MY 60% —T70% (K244 ,116°15'07"E,39°31'50”N, 1956—2000 4E WL B ) o 156 Xy 53]
IK FIARE T ARX, b330 S350 4K 30m B <50, TRV IR+ s YELr  RAEEKRE 22, £
1 pH {4 8.25—8.39 AT 1.43—1.47g/cm’ . Hi F/KAIAE V- [AIE L 3.9%

RIS X T B A ELAGR LRSS 107 B0 A T 406K, 75% 9 2002 AEFE , Hi4y R 1998 4F 2001 4EFl 2003
AEFPA , BRATHE N 2 mx2 m, MRAPI518E55 , 2007 FEMRATE 0424 12. 2em , 45 R 13m, S ECH
2.66m>/m*, MTFHPIFIZED  Z AR, DA REA, T3 FP K R FE ( Chenopodium glaucum ) , f¥E4
LI H 15 ( Medicago sativa) , 5 75 % R MR ( Melilotus officinalis ) , ¥ & 2% ( Salsola collina ) , ¥< #& ( Tribulus
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1.2 5k

ARG DX AR 5] A6 FEARDCOUINZE R R i A G LI 2R 4, A3 gty a5 o0 SR —
1R 22, 5m BORINES . 32 UL 2 6045 ¥ 4 S AL (REBS, Seattle, WA) | H B#58 i 31 (L1200 X-L, Li-Cor,
NE) & TAEEE (L1190 SB-L, Li-Cor, NE) (H,0/C0, £LAMS 43 H{X (LI-7500, Li-Cor, NE) = 4EE R
KA (CSAT3, €S, USA) , DL 44X #8420 m BE 1 18m 3 SR (CS105, €S, USA) FEH k= A h i & it
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KL GORH R I EHE R4 25 (CR5000, CS, USA)4%F 30min H3hic# 1 1K,
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A AR B R RS S AT VA R PG R A 260 WPL R IE T T BR K $ i v R CO,
SRR B B ARONE , R T At — A AR R TIE A I LE 2 XL, DA T e A5 XU ) XU S A R K KT
HESES e

ARWFFTHG WUE 52 X R GEP R ET () FE A, F IR B A OG B A L0 Ay 8k 308 2 A v A 285 2R G0 bk 28 e 1
(NEE) , B 5 ERRGAE™ 1 (NEP) M4 X HEM % (A4 M, Bl GEP=-NEE + R, 5\ R, AR R
P e E AR AOBIFSE P 2 i P OCKE TR B 1 o A 2 RGP i DR A A 3, SR, T IR
IR Z b, H 2 R T R A JE DA E B il - SR IR o R85 Ay 1o 1) AR5 R FH Law model $8 50 72>
AR AR RGN, [R5 R 5 K LR &R
1.3.2 HEFE(G,) WHHE T

ET X ¥R5E P (i 1y 5 2247 252 T8 (G,) 952, AR SCARYE Penman-Monteith 75 R 338 b 76 56 2 R
FEXF KR R

Gﬁjlz(é.&_é_1>.ra+picp.@ (1)
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K, G, W EFE (n/s) A 28 S AKIRE 22 B IR B 9 22 AL R 3R (kPasK) L,y A THBERE 21 (kPa/K) | R,
R XL =5 R AR A (W/m? ) AE SRy AR SC B AR I () i Gl (W/m?) L, A RRIARE NS K3 12
B (s/m) .o R 28 AT (ke/m®) , €, WAEFEE FE 1 T 95 SO (kI kg™ K1) L VPD s SRR 0 2%
(kPa) , Hrr r, AR Monin-Obukhov B BIBEIE A1 S04 B RS SRAL 500
In[ (z=d)/z,] * In[ (z=d) /7, ]
r,= Kz,u

(2)
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Ao, Z R KGE B BE (m) ,d N ESETEAIAS (m) |z, AEHRHBERE (m) Lz, FAKERHBERE (m) .k A
FITEE, —IBUE N 0.4 Jg VLI 1 B A X (m/s) o ASCEFALRS d RE K 0.8 R =z, N 0.1
52 B 2, ] 0.01 525,

1.3.3  FHXT -4 EIKE (REW)

H T IO ], 3 S K IR R R i i AR S R G o 2 S AAR T, RN 3 S K (REW) B
Sy IR B AR bR, ED.REW= (VWC-VWC, . )/ (VWC, — VWC,. ) 7 VWC Jy H AR & ok &
(%) ,VWC,,, M VWC,,. W5 E/ s K IR EKE (%), BF5EIAH, 2 REW<0.4 B A B REZ
] R b € T BTSN~ T R
1.3.4 RERMA

it 22 G0 P RE S P A R E A AT R A 3 BC S5 LI A 5 it A s T B 2420 AR SR PV A 2 R i A
ZHM(LE+Hs) 5T LR i (Rn—G) P Y ZNE RIH 5 2 073k, % 2007 4RiZAE B R G4 B 21 5 /9 30min
BAEEATRE R &0 0T, IR I 28RN 0.78 (R*=0.84,N=13950, P<0.0001) , 5iE45 515 I %l o5
4388 B R S WL Bl s Pl A
2 HRESW
2.1 BRI ZET AR LARIE

B 1 RFSE X 2007 AR T2 5 AR AR R, NI B IR IX A R FE8 T B R M2 W, 4
WEL R 7 A B W Z 5 AR AUAAIE . 2007 4 H SRS A R Ry —9. 7—29. 4°C , Hovpr, f s i H IR AE 7
Ay ARSI 12,9 °C |, B T 24 BRI 11.6 °C (1990—2009 4F) |, Ht4h,5 H IR L ZAE RIS 1
K1 (2£0.5) C (1990—2009 4F) , 2007 4 AR A, 47 FE RN 14 661 mm , i 55 T 22 45 - X F i 556mm
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Fig.1 The seasonal variation of precipitation ( ), photosynthetically available radiation ( PAR), air temperature (7, ), soil volume

moisture content (VWC; 20cm) and saturated vapor pressure deficit (VPD) at the polar plantation in Daxing site of Beijing in 2007
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(1990—2000 ) , EEEHRTE 7—9 A4y, SR, iZFoE X 6 H &0 T EiRA RS, HEME R 6. 4mm [ R
ZAET-HPKT1 10% (1990—2009 4F) o SGEARERSS (PAR) N4 ZE 5 Z= B s, B = B W b A . R
TLRIZK VAR 25 (VPD) TEIR BERBAR Y 4 238 B/ IME, 76 S iR T R4 Pk B Rl . B8k 5 (vwe) 5k
MRN8, A KBRS 4.5% —15.0% 28,6 Ay ME Z 15, +HOKMU N 3%

2.2 FHOKSR KSR 5T .
GEP Fl ET Z [RIAFAEL M AR M, — 3 BT ol = 12 o 01<REW<04 y
RS R GRS RINACE BRI 36T 2007 4 5 | TR0 o X b 2 e

KT FR BRI TR RO E P07 R L, GEP R BT 6 5 e
I+ K 5 46 P T e e 80 B 5 v A e e 23

(REW<0.1:R*=0.86, P<0.001;0. 1<REW<0.4.R>= 323%

0.51, P<0.001;REW>0.4.R*=0.52, P<0.001) ,GEP ﬂﬂg

b ET BOINTTAK BPE R (WUR) b B30k sy 8

(9538 0 T 78 W7 N (REW < 0. 1:2.1;0. 1 <REW< &

0.4:1.7;REW>0.4:1.5) (1 2), % 1 W%, REW< 0 > 4 6

0.1, A RS T3 8 T & MK 5M il GEP A1 ET Evapot e 2
ARRHEBATKCY Fﬁ%ifiﬁ?ﬂ(ﬁﬂj}i m,EERG GEP B2 2007 FEKFE(GS—10 ) AEALTEKSEHTRESRE
FET W WIEK,H CEP (MG /N T ET, FBWUE 4w paon s zasm s sx =
W/N, 0.1<REW<0.4, ARG GEP 5K %Z 1 58/K5;  Fig.2  Relationship between gross ecosystem productivity ( GEP)
B 14 GEP #81L R B ET HK T KA Fe e 5 ﬁ:, and evaportranspiration ( ET) at different water conditions in
I WUE I3 a5 W]+ 1K 73 IF R A )47 srowing seasons of 2007
BRI

A TG SAHMRIZE R A T Rl X ZE B e TR &5 e A E R Z B FLAY R EISL , 8
ZHNH CO, P HIBH 7 (826 FERALAE FABL T ) B9S2, RLUE , 767K 5 el 0 T RE i WUE {iim ™), (B3
A5 E & B, Wi 2T R DR ET AR K, 1T GEP AR TR, I WUE FliZK 53 19630 47 980/ )N
a3 ERE YA Sy, BE K 4y i BN, ET R GEP TR BN, B I WUE 75 AL R K
Migliavacca TA A , 3 A 1A 22 5 1 J5 DA 35 B0 5 0 R /KA A IR AT 06 BVl 52 S i /K AL R R 4 AR
AHET , e R R A R AL FE 65 (R 7K A SR AME AR WIHTH FE R K 20 FEARTIESE v, Vb A ROK BB ) 25 e 35
2510 HIEOROK R 1 S BGE R 09 3K 43 IR AR AT BOR T T i 7% e B A BRI v A K
SyIE AT, WUE R i 25

F1 3MIBASFRGTESREFHBVRENS N FERBMAKSF AREIT L
Table 1 Comparison of gross ecosystem productivity ( GEP ), evaportranspiration ( £7) and water-use efficiency among different water

conditions in the growing season of 2007

F5H7 Index REW<0. 1 0. 1<REW<0.4 REW>0. 4
BAEBRG AT IYIE Gross ecosystem productivity (GEP)/(g C m™ d™!) 3.5+0.7 6.5+1.2 6.5+1.7
A28 BB 75 K BOYME Ecosystem evaporation (ET)/ (kg H,0 m™ d™') 1.220.4 2.7£1.0 3.2+1.2
IR FI R I Ecosystem water-use efficiency (WUE)/ (gC kg™ H,0) 2.8+0.9 2.6+0.8 2.020.9

2.3 AR IR Z AT K o0 R SRR RS PR 5 14 0 7

PRGN B RN A 25 R GRS BB RSN 7, O T 3 — 20 7 Wi A 245 AR Gk [T 7€ MK 3 26 K L
AL 12303 S BRI AN ] 37K 0 2R Kl 0 BRI IR 7 AW LR AIE . AR SR GE GEP FI ET #Y72
P EZZ BRI T AR B AR, IR N T 2SR (T,) RTEARIUEZE (VPD) JEEH
RS (PAR) 5 T 81 R0 K50 (VWO MAIRIRIE (T,) o XA R TN, R 2 02k 4 [a]
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AT B e IR AR B 3 2R R LK R T AR RS GEP ET Rl WUE 5% 112G 1B
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. 1,8 R 5 GEP M ET R BAR/KF , £ 855 75 HOs A B3 1A 6 (R <0.2,P>0. 1),
CRARIRLE R 22 (P=0.095) , VEBAZEMR B T 24500 T, 5K 0 K /0 BRI T A9 (0 A BETE B,
A LIE H 24 0. 1<REW<0. 4 B} ARG GEP FET 43915 VWC S IEMSE (LB RS WUE 5 VWCe 7k
X, UEBRGERZH LK MWHAR RS RS GEP EE 23| T, Ml PAR 950, ET %22 T, I VPD
B2, T WUE W 25 veD S5t

~ 105 . 4
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