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Ecosystem and soil respiration of a poplar plantation on a sandy floodplain in
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Abstract; Poplar is one of the most widely planted tree species through China’s ambitious reforestation effort especially in
the northern China since the 1970s. Among various pressing issues related to this plantation, the magnitude and dynamics
as well as the biophysical regulation of carbon loss through respiration are critical information needed in the context of wood
productivity and carbon sequestration. Ecosystem respiration( Re) , soil respiration( Rs) , and meteorological conditions of a
Populus X euramericana cv. “74/76” plantation located on the floodplain of the Yongding River in Daxing District of
Beijing, were measured through an eddy-covariance system, a four-channel soil respiration measurement system ( Li- 8150,

Li-Cor, NE) , and a microclimate measurement system from 2007 through 2009. The variation of Re and Rs in the different
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time scales and their responses to environmental factors including soil temperature and soil water content were analyzed and
discussed in this paper.

Energy balance closure was evaluated by statistical regression between turbulent energy fluxes of sensible ( Hs) and
latent heat (LE) against the difference etween available energy of net radiation (Rn) and the soil heat flux (G), which
excluded the heat storage from the ground to the height of measurement. The ratio of turbulent energy fluxes to available
energy was 0. 78, with an average intercept of 18.95 Wm™s™" at half-hourly scale in all three years indicating that the flux
data were reliable in general.

The total annual Re was 946. 68, 863.58, and 817.30gCm >a™" for 2007, 2008 , and 2009, respectively; and the total
annual Rs was 642. 11, 629.29 , and 609.05gCm*a™". Rs was the dominant component of Re, accounting for about 70% of
Re on an annual basis. The annual Rscan be used to estimate the annual Re in the future studies.

The monthly Re and Rs reached the maximum in July or August, and Rs showed a similar seasonal variation in all three
years. The similar temporal variation was observed for the monthly Rs and the averaged soil temperature at 5cm depth ( 75s5)
from 2007 to 2009.

The maximum daily Rs and Re were 5.285 and 7. 781 gCm™>d™", compared with the minimum value of 0.330 and
0.504 gCm™d ' for 2007 ,2008, and 2009, respectively. Re and Rs were significantly correlated with Ts5, however, we
found that Re was mostcontrolled by air relative humidity ( RH) among all the climate and soil moisture conditions. In

addition, Rs was more determined than Re by the coupling factor of volumetric soil water content (vwc) and Ts 5.
Key Words: poplar plantation ; ecosystem respiration ;soil respiration ; eddy-covariance method
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1.1 WG

AWFFE XA T AL 5T R4 X R 4hRIT , db 4 399317507 448 116°15'07", SE4415 3K 30 m, B <5°, Hi A
AT K ZR K E PR —— RO S5 2 X B TR WY A X, Z AR AR 11, 6°C, il fix
AR -27. 4°C , i = <l 40. 6°C . ZAFAEF- Y TCRE ] 209d 5 4734 H BG4 27720, H P15 K BH 4 5
BN 6. TMIm 2 d ™" PR RHE 2. 60m/s , KA AL 38 . 1990—2009 4F [4EF- 34 4 W Bl 556 mm , e /D AE FE RN
N 262mm, S Z A FEF Y 1058mm, Hi 7 8 9 A REK 5 2 4F K BRI 60% —T70% . %X+ 5 v
et PR N 2. 0m, B RIRE KEE S22, 2003—2009 ARG KA N 16. Tm , L R KA,

IREGHE K 1998 2001 F1 2003 4F4351) 3 1 iz A TR (BRE 107 ( Populusx euramericana cv. “74/767) ) .
WAL B — | R A1 855 SRR R 3 mx2 mo AR R A 40 K 280N AR BA A ), Horp 3
TN B AL E (Artemisia annua L. ) FIYRSLMZE ( Chenopodium acuminatum ) VL 2 458 B 45 ( Medicago sativa ) 55
1.2 U RA S5 R4

SR FHTF % 200 B A DG 2R G S S8 A N TR S R B0 5 KRR K FTRE S 5c 4, FE R A Tk
OB — 5 o8 25m I, H,0/CO, 21 7RS4 43 % ( Li- 7500, Li-Cor, NE) #4854 (Q7. 1,
REBS) & T3k (Li- 190SB-L, Li-Cor, NE) Fl =4 75 KL (CSAT3, CS, USA) AU A% 23 = Ry 2007
AEFN 2008 AR 18m, ARFEM ST IR A S5 5L 2008 4F (A S AR K A0 1. 8m, o T AR 4mE 1 5 X — Sk
15 2009 47 2 HR LA 308 BE A SN 22 %< e FE AR O 20m, H3H(CS105, CS, USA) FI#k = A s =it
(TE525-L, CS, USA) HYZE3E B FE /05 21 m Fl 22. 5m, 4 225 S IR0 B AL I 28 ( HMP45C probe, CS, USA)
P22 1 BE 41 0l 5,10 . 15m AT 20m; 3 A - 38 B AR S A% (TCAV107, CS, USA) F1 3 /> - 458 4 1 Al
(HFT3, Seattle, WA) 214398 TH1E LT 5,10 20em Ab ; 13K WAYL TDR(CS616, CS, USA) 4354 T
HZZLAT 5 F120em 40, 10Hz E08EE A1 30min FO7ELE P48 % F CR5000 48 K 52 8% (CS, USA) K4,
30min B H B G E W R CR23X $dli RAERR (CS, USA) R4,

-SRI R 4 S E R SE(Li-8150, Li-Cor, NE)AE 4 A& LI de il 2 it 10m 2484y
AFEART PG 4 A5 07 L, PG 2= S48 1 /ey el 052 (8] B A 30min , AR UK & 4 A~ 1Y L HERT
R AR RRAER Y 3 min, HIEIEGER K 3 min (FEIME, R LS, R TR A
R 3—6 em A SRR R 1 7RI A EOT I GH R A R A 98 510 .20 em W BE LA K 10 20em + 31k
TS KB, SR R R G A Tl B2 AR R S /K B iR 140 % HT CR1000 £ 4 R A4 (CS, USA) R,

1.3 W5k SR A
1.3.1 REEAHTE

R A S AR S B4 — REAS BB 2t i b A 7S R e 5 R R ) B R R s AR iR B K
SRy A ERIE LN 45 (FLUXNET) B 300 5 il o A 25 R 48 CO, RK3RGE B EZ ik, AesEbr iy i
CO, il (Fo) B AR =2,

F . =wp, = wp, + wp, = w'p,’ (1)

K, p, B CO, B (mg/m*) ,w & XEATE H /0 (m/s) , FRIK (-) FaR R BN B F M, (1) %R
Wk o {15 -S4 (L A it 2 B ik s 11

i AR A AL B EALRE AR 5 AN, (1) RBP4 (planar fit, PF) 3% %t 10Hz AR 4R =550

P AT AR 0 A = A XA AT T A0L AT 1T, DA B S e 50 22 R XS W it 370308 K H 5 (2)

it 2 /NS )3 AR A T WPL A IE P AT B R /K S i Y CO, T 1 A8 Ak I 2 B RLUBE S T 5 (3) S

B IR SR A DL R An . O WA R 098, @ BT & 5 I BUE (AGC) >65 MYELHE, B FEANEL
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<17000 HI%E , @ 5T 6 FbnifE 22 (60) B ; (4) RIS IR RE (U™ ), IF HABREEZERGE < U™ 1R
[BIE SR (5) B8 Re 15 IR BERIK S B RADL G D7 B HEA T 50 SR AR (i

TEFI T8 BEAR IE DT TS AR A R GUNT R B3], R 2B T 5. Re 5l BE 1 05 SR A RN E R Y
Re HEATARFET s ARTR ST Re 5 1B FIZK S (R A SRR AR A A R TR I Rel T A0 1 500 4

AN R, 7 A 3 B UL ( Carbon Flux, Fe) S e A 25 R G 00, — BRI FH A 8] A2 25 2R 40 W 0 -5 9L ok
IR T R RO A R AR S RGN, B X ] 2 /NES RO B Re FlT A3 5 .10 20em IR Ts5 .

Ts10 7520 2530 AR A T2 5 20em BT &K & mS .m20 DL vwe 257K A48 AR EATAH 14047, 8 e
5 Re AHICME i 0 35 09I EE FUK 48R 735008 TsS F1 3RS 7K & (vwe ) ; 525 FFH 2007—2009 4F (17K (8]
(RE SN BB RER ST PAR<4 mmol/m® 3 H H H<if i) < H 7% ) 1 5 M Edi Fe 3 T H Lloyd-Taylor
TR (2) B Ry, B KA R O5 AR (3) AR OR Y Law model ' (4) 5 1B RIK /i TR Q,, 1
RICT(S) PIRRBEIT A 7k , 45 2B Law model H Q,, model FAG B /N 124 AH X 22 | F540L B0 308 B 422 30T 512
FREAE | R, ARFSE R TsS A vwe #8EZETE ) Law model F850 2 (4) XA K FEH RIS RGN
WA TR AN, RIS 3 B AR A K AN FE (2) T RE (4) PO BRI 4IRS 2, B 5 O A (2) A A b
AR ZE Re FARIRAL T2 .

Lloyd-Taylor /7 #& Re = R, exp "/R(V/(15+273.13))) (2)
R, XK k5 8 R, =a, +a, Xvwe + a, X vwe’ (3)
Law 571 Re = (a, + a, X vwe + a, X vwe®) exp'F/RV/F5+273.190) (4)
Q,, A Re = (a, + a, X vwe + a, X vwc”) exp' M50 xlanio10) (5)

K R, & HHERE N 10CHAEB RGN, Ea J2 15 LAE (K)/ mol) , R J& AR %1 (8. 3143k] mol™ K™'),

55 A 44 Sem JIE ;uwe & 0—20em +HEFHABIEKE, Q,, & LR AT 10°C, L EMFIR AL R,

R BB LA LU 3205 (EBR) PPN IR BEAR DCIE SR T & . EBR 2 46 E — 5 U0 1) pAY 19 365 B AH DG

ASCE B HE LI (4 it i BE 1 ( Hs+LE) 5 P HERE I (Rn—~G) 19 FU (B (R DR B RE R IRIE Q S AR/ NEIZ T 0, i L)
FESLBR TG b 2w ) R

EBR =Y (Hs+LE)/Y, (R, - G) (6)

K Hs M BHGEE(W m™ s™ ) LE MEHGEE (W m™ s™) 6 HHIEHGEE (W m™ s™") ,Rn IFRaH (W

m?sT),

1.3.2 S5 A0E

PR F A A IR, FER I REEE CO, 3Ny R AR A = 40 A iR co, MG, +
SENEI B K+ CO, R, AR

Rs=d/d, x (V/A) x M, (7)

K d /d, IR — A AR (pmol/m®) , VR EARR (m®) 54 & T IR T (m®) , Mo S
SESRERERE,

-SRI R EE ) IR AR TR - (1) <0 B9EEE 5 (2) KT 6 f5bnifi2s (60) MEUE . TEEE#M T, 7351
Xt 4 ATEMAT Rs 5 155 BB R A LRI LA 5 BE RIS I Ts5 BEATE: Rs B8 A3 #b

SIHTEAERTRIBEA 2007 4F 1 H 1 H %2009 47 12 J 31 H,Rs Bdaidbh i FHE Ts5 XA E
+3 Sem VR, Re BUEAE AN K H R Fr#r Y Ts5 F1 vwe BLHE 50 5 4~ 138 Sem 15 JE 1 0—20cm
FIERFE KR B YME, FE kG B BEIE R, 2 NEE <O B R i W A (carbon uptake period, CUP)
2007—2009 4F | ZAE R ARG IR 90 RAEATEAN CUP TES 305 RS CUP; I B3 M, KRECH B4F
B4 A1 HF 10 A 31 B hERKZE,
2 ZER551
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2007—2009 4% N TMRAZS RGEAE /N R [ 09 ( RIALHG 72 )38 = 55008 ) RE A E R 0. 775 (1)
7S BR P ) AR A B BT AR 2 RS R G B8 P A B2 FE — B AE 0. 7—0. 9 Z R | af Il AR
PP N TR 25 22 50 14 2P B o AT A R B 050 o, e B A DG AR 8 LI 504 v
2.2 R RGO A IEREIL ) A PR AR AL

2007—2009 4FiZA 25 258 Re 4F F 410 946. 68 863, 58¢Cm ™ a™" 1 817.30gCma™ , Hidp A K Z i
TR 626.78 .646.23gCm ™ a™ F1631. 18gCm a™ s T A 25 RELAE 2008 F1 2009 443531 52 F 35 Ha 3 A+
SRR B X BAE ) Re A6 FL 2007 45/, 3a W R3NP (Rs) 4F B 3508 642. 11,629, 29¢Cm ™ a™
F1608.35gCm*a™", Hop AR K2 43590 519. 29 502. 78gCm>a™" £ 495. 69gCm*a™ (& 2), 2007—2009
4 Rs A K ZE BB IR Rs 4F B AV LI 20510 80.9% [79.9% H1 81.4% , HARAKAR/IN SR Rs A K25 i ke Al
B Rs AEREAEF AR, Rs B Re AF R LLEAEX 3a 143512 67.83% 72.87% H174.52% , i Rs
ARZFETRE Re A K LRI LLIE 370 82.85% 77.80% F178.53% . X ULHATEAE St I, Rs 2924 Re (1)
70% , MFEA K ZE 88 I Rs O Re 1) 80% 47,

800 SRR A R
= EBRGEPRERFTERE
600 L 1200 ¢ Em IR AR R
looo | T IR AR

400 - 800

600 |
200 400 |

200 ¢

Ecosystem respiration and Soil respiration

ARG 3P / (g C-m2.a)

B2 2007—2009 EETRSEFFERFTEFRHESENERKS

1 2007—2009 450 A THERRAEREBEERE BE

Fig.1 Energy balance closure of the poplar plantation ecosystem Fig. 2 Annual and growing seasonal ecosystem and soil

at half-hourly scale from 2007 to 2009 respiration for 2007, 2008, and 2009

2.3 ARG eI A H AR

&l 3 /& 2007—2009 4 Re 1 Rs B9 H S5t 78 4k, 3a ' Re H Bvi e/ MA I BLAE 2009 4F 2 H 4y, e KAH
BAE 2008 48 H 43 (¥13) ;Re H B AE 2007 F12008 4F-rh #4574 8 H ik B AAE (2009 4F- R ™ 5 1 S Hhif 78
7 AR RAE) o Rs FREAE 3a iR R IR LA g i 2 (181 3) , BRI L AR IFLG Lo, 76 7 5% 8
AR B, S T REE 12 A6y, S/ IME B BFE 2 805 12 A X5 755 A WAL — 3K
(K3),
2.4 EBRGPFUC HHERFI H B T A

Kl 4 J& Re M1 Rs H G i7E 2007,2008 F12009 4EZE a8 48 4k, M 4 thaTLIE 1, 3a 1 Rs H B i
KAE AN E/IMELS3 514 5. 285 F10.330gCm >d ™ 5 1fif Re H it KAE IR /IME 535314 7. 781 F10. 504gCm>d ™",

A% b Re H LR Ry H R Bh A8 (AT, B 90 d ZE47FFHA ETH, 16 240 d Ze47 355 i
{8,305 d 4 FUR F R, 2007 4F ,Re H BB AEAEARKFEH B R T Rs HEE, MALERKFEPHEZIALK,
Re H BVELTE 2008 4F- (1) 244 d BT — 200 NI, X FEZ RS RS 225 d W52 2% B3 (L E A ) 1Y
SEMA BRI SZ B9 (AR FE BN 236 d 19 3. 15m*/m? FREE] 264 d (9 2.52m>/m?) , Re H MR 1E
2009 4F (L K B ShBRT PR/, 12 i TAE S RGEAE 2000 4E 19 A48 K 2 v s 11 32 1) 7 o 1 S 5 i i S
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Table 1 Correlation analysis between nighttime carbon flux and environmental factors at half-hourly scale

fant: sTcsrsn wE ZTZ(IH(;I TR &*%Tﬁ%'lrﬁ“ %%*}Hﬁiﬂrﬁ RIS 2 o—zﬁocﬂn(l gfiﬁﬂ
/C /C /C /% Vpd/kPa (/m’/m?)
2007 Pearson 1 0.068 ** 0.068 ** 0.062 ** 0.111%* -0.027 ** -0.003
B 0 0 0 0 0.042 0.817
N 5623 5623 5623 5623 5623 5623
2008  Pearson HIJ1E 0.166 " 0.166 ** 0.157** 0.182** -0.033 0.133**
O 0 0 0 0 0 0
N 6213 6213 6213 6213 6213 6213
2009  Pearson itk 0.001 0.003 -0.011 0.021 -0.041 -0.01
BRI 0 0 0 0 0 0
N 5817 5817 5817 5817 5817 5817
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Fig.5 Soil and ecosystem respiration responses to the coupling effect of T's5 and vwc
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